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Abstract  
Pakistan has experienced worst environmental impacts of heavy rains and flooding during the last 
decade. These extreme environmental conditions became responsible for the outbreak of many fatal 
diseases like the sudden outbreak of dengue fever in different cities of Pakistan. The high death toll 
in Lahore city as a result of dengue fever during the year 2011 became an awakening signal to look 
into the mysteries and myths behind this disease. The present research intended to study the physical 
environments that have been responsible to cause the sudden mega outbreak of dengue fever during 
2011 in Lahore. The comparison of climatic and social covariates of four selected cities of Pakistan 
(Islamabad, Rawalpindi, Lahore, and Karachi) has conducted for the years 2009-2012 to analyze 
the factors that serve and do not serve the spread of dengue fever in urban areas. The reasons and 
regions of higher risk of dengue fever transmission have been identified by land use classification, 
processing of digital elevation models, and analyzing the climate and social covariates. Landsat 30 
m TM imagery, SPOT 10 m imagery, and SRTM 90 m DEM have been used for the analysis. The 
Dengue fever case registry, climatic data sets, travelling data, population data, and malaria case 
registry for the study period have been acquired from respective national departments. The land use 
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classification has done to analyze the change in urbanization over a period of time. DEMs have 
been processed to identify the drainage patterns and magnitude of drainage density in study areas. 
The changes in climate covariates like rainfall, temperature, and wind speed; social covariates like 
population, travelling, change in urbanization, drainage density and patterns have also been 
analyzed. A macro level study to understand the dengue transmission in urban environmental 
gradients has conducted comprising the analyses of flow accumulation, drainage pattern, drainage 
density, change in population, change in urbanization, dengue incidence during 2009-2012, and 
climate covariates. A micro level study to understand the dengue transmission and identifying the 
high risk prone localities has conducted comprising the hotspot analysis, outlier analysis, and 
regression analysis. Furthermore, the relationship of daily dengue fever incidence with climate 
covariates during the months of July-October for the year 2011 has also analyzed. The aspect of 
relationship of dengue fever occurrence with other factors and malaria has analyzed to fill the 
research gap. The relationship between the occurrences of dengue fever and Malaria, dengue fever 
and flooding, dengue fever and population, and dengue fever and travelling in the study areas for 
the years 2009-2012 have been taken into account. Linear Regression Model, Generalized Linear 
Mixed Model (GLM) with Markov Chain Monte Carlo (MCMC) algorithm has computed to see 
the random effects of different social (population, travelling, and malaria) and climate (minimum-
maximum temperature, and rainfall) covariates on dengue fever occurrence. Neural Network with 
Multilayer Perceptron has used to analyze the normalized importance of different covariates relative 
to dengue fever occurrence. At the end, the general Dengue prevention and control strategies have 
been discussed.  
Results suggest that the low elevation areas with calm winds and higher than the normal minimum 
temperatures, rapid increase in unplanned urbanization and population, low flow accumulation, and 
higher drainage density areas favored the dengue fever transmission. The hotspot analysis 
highlighted the high risk prone urban localities of four cities. Regression model highlighted the risk 
prone localities and relationship of dengue fever occurrence with population and area of localities. 
Results show that each dry spell of 2-4 days have provided the suitable conditions for the 
development and survival of Dengue vector during the wet months of July and August (2011) in 
the areas of high stream density and population. It has revealed that most of the dengue fever cases 
reported after the onset of summer monsoon season. Very few cases have been reported in July 
while higher numbers of cases have reported in the months of August, September, until late October 
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during 2011. Flooding, travelling, population and occurrence of Malaria have significantly affected 
the occurrence of dengue fever in the study areas. Magnitude of these relationships has also shown 
by the results of neural network. Change in occurrence of Malaria has affected the occurrence of 
dengue fever as much as 5.4 times, whereas GLM with MCMC also showed significant random 
effects of malaria, population and rainfall on the dengue fever occurrence during the studied years 
(2009-2012).   
The efficiency of control activities may be improved by highlighting the localities of higher risk 
within a vulnerable region. Recognizing the high risk areas of dengue fever threat will strengthen 
the control strategies and support in reducing the impacts for future. Such studies would also be 
helpful in the decision-making on public health prevention programs. The present study of recent 
Dengue risk burden and distribution in four major cities of Pakistan will become the basis for future 
endeavors and help to achieve the goal in mitigation of this dreadly disease.   
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This study focuses on the dengue fever transmission in different regions of Pakistan. For 
this purpose, the data of dengue fever cases for 2009-2012 from four different cities 
(Rawalpindi, Islamabad, Lahore and Karachi) of the country has collected, evaluated and 
compiled. To identify the reasons and regions of higher risk of dengue fever transmission, 
landuse classification, analysis of climate covariates and drainage patterns has done. 
Analysis involves processing of SPOT-5 10 meter, Landsat-TM 30 meter data sets, and 
SRTM 90 meter Digital Elevation Models by using Remote Sensing and GIS techniques. 
The results have been based on the change in urbanization and population density, analysis 
of temperature, rainfall and wind speed; calculation of drainage patterns including stream 
features, flow accumulation and drainage density of the study areas. Results suggest that 
the low elevation areas with calm winds and minimum temperatures higher than the 
normal, rapid increase in unplanned urbanization, low flow accumulation and higher 
drainage density areas favor the dengue fever transmission.    
1.1 Introduction  
Regardless of several control strategies, the control on Dengue vector has become a 
permanent and major threat particularly for developing countries like Pakistan. Dengue 
fever is considered to be the most significant vector-borne disease and it has been estimated 
50-100 million cases of dengue fever are reported worldwide every year (WHO, 2009). 
About 40 percent population of the world is exposed to dengue fever, and 100 countries 
have been reporting its cases every year (Rigau et al., 1998; WHO, 2009;  
Wilson & Chen, 2002). It has observed as one the world’s most prevalent vector-borne 
diseases. About 2500 million people in the world live in regions having the potential risk 
of dengue fever transmission (Gubler, 2002). For making control strategies effective, the 
health agencies should focus on the regions at higher risk. The first outbreak of dengue 
fever in Pakistan was reported from Karachi in 1994 (Chan et al., 1994), and in the next 
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year (1995), another outbreak of this fever occurred in Quetta (Paul et al., 1998). According 
to Bhatt et al., (2013), 70% burden of the total Dengue infections have been reported from 
Asia that is associated with wide swaths of heavily populated regions overlapping with 
very high suitability for disease spread. The range of dengue fever transmission/spread is 
extending in Pakistan since 2006 with a major outbreak in 2011, and most of these cases 
and deaths were reported from Lahore district (Rasheed et al., 2013). The sudden outbreak 
of dengue fever in Lahore city during 2011 at mega level caused thousands of mortalities 
and morbidities.   
The objective of this study is to evaluate the dengue fever outbreak during 2009-2012 in 
different cities of Pakistan, with special emphasis on mega outbreak of this disease in 
Lahore during 2011. Pakistan is located in the tropical and subtropical regions of rationally 
high relative humidity and temperature specifically in the months of July to September 
(Climate of Pakistan, 2011). These months provide the ideal conditions for the distribution, 
transmission and growth of the Dengue vectors. Though Dengue virus occurs throughout 
the subtropical and tropical regions of the globe, the intra-annual arrangements of dengue 
fever infections in human beings vary geographically (Raheel et al., 2011).   
This fever is caused by four different viral species belonging to genus Flavivirus (Halstead, 
2008). Aedes aegypti is the main causative agent of dengue fever spread in Pakistan, 
associated with metropolitan settings/peri-urban areas (Ibáñez and Gómez, 1995; 
Humayoun et al., 2010; WHO, 2009). Rainfall affects egg hatching and larval survivorship 
because these processes require water to take effect (Slosek, 1986). Dengue fever is marked 
by strong seasonality, with the start of disease after the onset of rainy season (Rigau et al., 
1998). However, in relation to the role of rainfall in dengue fever dynamics, it is modified 
by the water storage practices of humans as well as the presence of natural and artificial 
basins which act as breeding sites (Halstead, 2008; Rigau et al., 1998; WHO, 2009).  
Human health issues are inextricably related to the climate that plays a central role in the 
variations of environmental parameters like precipitation, relative humidity, winds and 
temperature. All of these physical factors are intermingled with socioeconomic, cultural 
and biological factors to result in impacts on human mortality and morbidity.  It is 
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progressively more important to study the societal and environmental phenomena which 
lead to the impacts on health in order to design a rational strategy to mitigate the negative 
impacts (Knapp et al., 2002).   
Several complex factors have been associated with the transmission of dengue fever. 
Unplanned urbanization and population growth resulting in inadequate water sewerage, 
waste management systems, and substandard housing allow the reproduction of mosquitos 
(Gubler, 2002). Providing favorable physical conditions for development of Dengue 
mosquito, the urban environment plays an important role in describing the transmission 
rates. The mosquito breeding mainly depends on humidity, temperature, biting activity, 
virus incubation, and life expectancy of the mosquitos. More importantly, rainfall influence 
the filling of open containers, e.g. old tires, and smaller ponds which provide the potential 
sites for breeding (Favier et al., 2005). In many tropical and subtropical countries, a positive 
relationship has been shown between dengue fever incidence and rainfall (Moore et al., 
1978). Therefore, the inculsion of covariates based on climate and urban environment, e.g. 
rainfall, wind speed, temperature, and their effects proved to be the potentially significant 
elements of a climate-informed transmission of dengue fever.   
Topographic patterns and field studies frquently relate increased number of dengue fever 
transmission with the regions proximal to river passages (Gemperli et al., 2006). Different 
studies show that the presence of alternative multiple surface water sources increased the 
risk of Malaria within the area upto 750 m from the stream (van der Hoek et al., 2003). 
Several studies related to developing countries indicate that low flow stream conditions are 
responsible in promoting the vector breeding sites, and in turn, these vectors are responsible 
for spreading the diseases (Edillo et al., 2004; Jepson et al., 1947; Oesterholt et al., 2006; 
Olson et al., 2009; Guthmann et al., 200; Smith et al., 2013), whereas this aspect of study 
is lacking for Pakistan. Most of the vector species tolerate the slow flowing or static water 
bodies. The velocity and water depth must fall below a suitable threshold for providing a 
potential habitat for breeding. Such environments normally form in seasonal rivers with a 
marked dry season. This dry season favors to disconnect the flow of water and the 
formation of in-channel pools. In self-formed alluvial rivers, the position and size of the 
breeding habitat are geomorphologically defined as the associated channel and river 
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discharge bedforms that control the pool spacing and formation (Smith et al., 2013). The 
characteristics of the riverine boundary also allows the formation of small ponds which get 
disconnected from the main river flow by the channel avulsion, low river stages or cutoff 
due to the flood events. Riverine breeding locations are significant for local dengue fever 
transmission; the heavy rains with flushing flows decrease the dengue fever incidence. This 
is the indirect relationship to minimize the dengue fever spread. The Histroy of Bengal 
(Bentley, 1916) found a Malaria free region several kilometers wide near the passage of 
the Ganges river with high flushing effect whereas smaller and seasonal rivers display no 
flushing effect. Such flushing effects have also been confimed from Botswana and 
Mauritius (Thomson et al., 2005; Jepson et al., 1947). The west Bengal displayed much 
higher Malaria prevalence than in east Bengal. In west Bengal, the river channels no longer 
receive flushing flows and delta tributories are less active. The effect of flushing coincide 
with temperature in particular season during the course of the year where the temperature 
acts favorably for vector breeding (Learmonth, 1957). Moderately and fast flowing rivers 
do not provide sufficient conditions for breeding habitats for majority of A. aegypti vectors 
(Smith et al., 2013).  
According to Smith et al., (2013), the metrics of flow accumulation are significant 
predictors of the vector spread. According to Githeko et al., (2012), anopheline larval 
habitats are normally restricted to the downslope valleys more frequently in dry spells. 
Most of the dengue fever cases reported from the low elevation coastal areas, which were 
climatically suitable for A.aegypti and comprise the leading economic centers (Machado, 
2012). It is the urgent need of time to understand the geographical distribution of dengue 
fever and its contribution to mortality and morbidity, moreover, in defining how to 
distribute the limited resources optimally for Dengue control as well as in assessing the 
effect of such actions (Bhatt et al., 2013). The dengue fever distribution is associated with 
complex factors including socioeconomic, climatic, immunological, and demographic 
variables (Cifuentes, 2007; Guzmán and Kourí, 2002; Halstead, 2008). Climatic variables 
include wind speed, relative humidity and temperature which drive Dengue virus density 
and vector development dynamics. Climate variablity can lead to the changes in 
distribution of Dengue fever (Epstein, 2001; Halstead, 2008; Hopp & Foley, 2001, 2003; 
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Wilson & Chen, 2002). Urban development is specifically problematic in the suitable areas 
for the Dengue vector bacause A. aegypti is well adapted to urban environments and is 
highly anthropophilic (WHO, 2009). The short flying range (100 to 500 m) of female 
mosquito limits the distance of laying eggs and feed, hence the capacity of vectors to 
acquire and distribute pathogens  is also limited to a particular area (Honório et al., 2003). 
The interaction of A. aegypti with human behavior, over crowding, high density housing 
and urban structure is an important consideration in the transmission of dengue fever 
(Reiter et al., 2003; Tahir et al., 2010). Each infection has a particular mosquito vector. 
However, the mosquito vector of each infection has different environment. Dengue 
mosquito vector has the main habitat in the urban areas (Cox et al., 2007). The spread of 
dengue fever has stimulated many efforts to understand different related factors, i.e., 
disease control, mapping, decision-making, and public health research. The research on 
this aspect has contributed the significant insights about the climatic and social factors 
related with dengue fever at a regional to local scale and has shown the variation with 
respect to spatial scale (Cifuentes, 2007; Escobar and Gómez, 2003; Espinoza et al., 2001; 
Ibáñez and Gómez, 1995; Narro and Gómez, 1995; Navarrete et al., 2002), but such type 
of study is still lacking for Pakistan.   
Dengue fever results in many symptoms which includes self limiting flu-like illness 
(dengue fever), incapacitating fever, bleeding and vomiting (dengue hemorrhagic fever), 
life threatening circulatory failure and asymptomatic infections with hypovolaemic shock 
or dengue shock syndrome (WHO, 2009). There is no vaccine for Dengue fever and no 
long-term cross-immunity from each virus serotype (Rigau et al., 1998). In Southern 
Taiwan, A. aegypti is the main mosquito causing the dengue fever. Taiwan comprises of 
tropical and subtropical regions with relatively high humidity and temperature round the 
year. These high humidity and temperature create the ideal conditions for the growth and 
survival of Dengue vector (Chen and Hsieh, 2012). The emergence and re-emergence of 
dengue fever in Taiwan has also been investigated by Yu et al. (2014), involving the spatio-
temporal factors of environmental conditions, human populations and associated 
uncertainties.   
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Wu et al., (2007) evaluated the impacts of weather variability on the incidence of dengue 
fever in Kaohsiung, a metropolitan city of southern Taiwan by using the time series 
analysis. This study showed that the dengue fever incidence was reversely associated with 
relative humidity and negatively associated with monthly temperature deviation.  
The dengue fever and the principal vector A. aegypti was absent in Mexico by 1960s but it 
reinvaded Mexico in 1978 (Jetten and Focks, 1997). It has become a serious health problem 
in Mexico in 1994 (Espinoza et al., 2005). In some other urban areas, the annual epidemics 
of dengue fever has been observed. The same situation was observed in Colima, Mexico, 
where A. aegypti is endemic (Go´mez et al., 2001). Colima has a tropical climate with an 
area of 5455 km2, a coastline extending 157 km and with a mean temperature of 23.2 0C.   
The capital of India, New Delhi experienced the seven major dengue fever outbreaks from 
1967 to 2003. Another major outbreak occurred with more than 11,000 reported cases and 
165 serious cases in 2006 and this number continued to increase each year. The total 
number of reported cases of dengue fever in India was 12,317 in 2006, 5,534 in 2007, 
11,476 cases in 2009. Many major dengue fever outbreaks occurred in Sri Lanka after 2003 
and the worst off in 2004. It was constant in the range of 2000 cases per year from 1990 - 
1999, but the surge was observed up to 3000 cases per year during 2000 to 2003 and sudden 
increase of 15000 cases in the year 2004. Sri Lanka has struck with irregular outbreaks of 
dengue fever with the increasing number of cases each year. The total number of reported 
cases during the years 2006 to 2008 approached to 24000, with 12000 cases only in 2006, 
35000 cases with 340 deaths in 2009. In Bangladesh, peak incidence of dengue fever 
observed during the years 2000 - 2002, with more than 5000 cases and 93 deaths in 2000, 
2430 cases and 44 deaths in 2001, 6104 cases with 58 deaths during 2002 and 466 cases in 
2009 (Raheel, 2011).   
A detailed study of three consecutive outbreaks of dengue fever during  2007-2009 in 
Lahore showed that serotype DEN-2 was dominant in positive samples of Dengue virus 
infection (Fatima et al., 2011). During recent outbreaks in Asia, it has been noted that 
dengue fever is becoming increasingly common, circulation of multiple serotypes appears 
to be established. Though it has become the important vector-borne disease in Pakistan 
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over the last decade, the published scientific research is inadequate to address the local 
situation regarding the outbreak pattern of this disease (Humayoun et al., 2010).   
Remote sensing has been used for surveying, recording and processing of objects and features 
over the surface of the earth. Satellite image processing has become the important source of 
information in the last few decades. The information from satellite images can be utilized in 
various fields like desertification, urbanization monitoring, forestry, natural disasters, water 
resources, and settlement expansion etc. Remotely sensed information has become very important 
in management, planning and decision making. It is a tool for the identification and classification 
of land use/land cover i.e., to identify the extent of various features of the land surface (Franklin, 
1990). Satellite imagery provides the reliable information about the attributes of the several land 
areas and their behavior under variety of land uses. The biophysical state of the surface and 
subsurface of the earth refers to the land cover/land use. It contains the soil, surface water, human 
settlements, topography, vegetation and forest etc.  
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1.2 Materials and Methods  
The study area comprises four different cities of Pakistan namely Islamabad (33.71N, 
73.1E), Rawalpindi (33.60N, 73.04E), Lahore (31.54N, 74.34E), and Karachi (24.86N, 
67.1E) (Fig 1.1). Rawalpindi is located in the Potwar region and northern most part of the 
Punjab province. The greater Islamabad Metropolitan area is the capital of Pakistan and is 
located in the Potwar Plateau in northern part of the country. It is regarded as the most 
developed city in Pakistan. It is divided into 5 different zones. The terrain in the 
metropolitan area of Islamabad and Rawalpindi consists of plains and mountains. In 
northeast of Rawalpindi and Islamabad, there lies the hill city of Murree, Haripur District 
to the north, Kahuta lies in the southeast and Wah Cantt, Taxila, and Attock District lies in 
the northwest. The northern part of the Islamabad metropolitan area lies in mountainous 
terrain of the Margalla Hills. South of the Margalla Hills is a southward-sloping piedmont 
bench--there found the loess, shale, silt, gravel, and limestone. Plains of thick, easily eroded 
loess in West and folded ridges in the East of Rawalpindi are extensively found. In the 
southernmost part of the area is the Soan River valley. Southeast of Rawalpindi, upstream 
from the Grand Trunk Road Bridge, the Soan channel and flood plain extend 1.5 kilometers 
across the valley floor. Beds of fluvial sandstone, mudstone, and conglomerate of the 
Siwaliks are also found (Iqbal et al., 2007). The highest elevation of Islamabad is 620 m, 
and lowest elevation is 490 meters above mean sea level. Islamabad is regarded as a City 
District. The altitude of Rawalpindi is 500 meters above mean sea level. It has seven tehsils, 
eight towns, and around 170 union councils. The ancient city of Rawalpindi and modern 
capital stand together and are recognized as twin cities, while no defined boundary exists 
between them. During the year, the temperature in twin cities varies from 4.5 0C to 38.0 0C 
and falls rarely below 01.0 0C and rise above 43.0 0C. The summer season starts from end 
of April and ends in last week of July. The average daily maximum temperature is above 
34.0 0C. The winter season starts from first week of December and ends in the last week of 
February with the average daily highest temperature below 21.0 0C. The probability of 
rainfall is highest in the month of August and it is least likely in November. The average 
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annual rainfall is 1106 mm. The relative humidity typically varies from 2% to 96% during 
the year and rarely drops below 13% and reaches as high as 100%. The moisture content is 
lowest in May in which the relative  humidity falls below 27%. The moisture content is 
highest in December exceeding 92% relative humidity. Typically, the wind speed varies 
from 0 miles per hour (mph) to 23 mph, and rarely exceeds 40 mph. The maximum average 
daily wind speed occurs in June which is around 10 mph, but sometimes, it reaches 23 mph. 
The minimum average daily wind speed occurs in December which is 3 mph but 
sometimes, it reaches 10 mph (Climate of Pakistan, 2011).  
Lahore is a megacity and rated as the Pakistan’s second largest metropolis after Karachi. It 
is bounded on the north and west by the Sheikhupura District, on the east by Wagah, and 
on the south by Kasur District. The Ravi River flows in the north.  Lahore plains are 
underlain by the eastern Potwar stratigraphy. The altitude of Lahore is 224 meters above 
mean sea level. Lahore is identified as a City District with two tehsils (it is an administrative 
division that comprises a city, several villages, and towns, and it is like a county or an 
administrative unit hierarchy under the district government); Lahore city and Lahore 
Cantonment and is divided into nine towns. It has 151 union councils. The normal 
temperature of Lahore varies between 6.0 0C to 40.0 0C and rarely falls below 2.0 0C or 
rise up to 45.0 0C. The summer season starts from mid-April and ends in mid-July. The 
average daily maximum temperature is 35.5 0C. The winter season starts from 
midDecember and ends in mid-February with average daily maximum temperature 21.5 
0C. Most of the rainfall is received in August and is least likely in the month of November. 
The average annual rainfall is 470.5 mm. The relative humidity ranges from 21% to 96% 
and rarely drops below 10% and reach as high as 100%. The relative humidity is lowest in 
May and highest in January. Typically, the wind speed varies from 0 mph to 14 mph which 
is calm to moderate breeze and rarely exceeds 25 mph. The highest average daily wind 
speed occurs in June, i.e., 7 mph, but sometimes, it reaches 14 mph (moderate breeze). The 
minimum average daily wind speed occurs in November i.e., 2 mph, but sometimes, it 
reaches 7 mph. There exist high variations in the wind direction as it is not predominant 
from any one direction; it is least often out of the southwest, south, north, northeast, east, 
southeast, west, and northwest (Climate of Pakistan, 2011).  
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Karachi is located at the southeastern part of the country and has two ports: Karachi Port 
and Port Qasim on the coast of Arabian Sea, northwest of Indus river delta. It mostly 
comprises flat or rolling plains with hills on the western and northern boundaries of the 
urban extension. The altitude of Karachi is 218 meters above mean sea level. It has five 
tehsils comprising around 175 union councils. The average temperature of Karachi 
normally varies between 12.8 0C to 35.5 0C and do not fall below the 9.5 0C or rise above 
39.0 0C. The summer season starts from end of March and ends in mid-July. The average 
daily high temperature is 33.5 0C. The winter season starts from mid-December and ends 
in February. The average high temperature is 25.5 0C and average low is 12.8 0C. The 
highest rainfall usually recorded in Karachi in the months of July and August, whereas it 
is least likely in April. The average annual rainfall in Karachi is approximately 200 mm. 
The relative humidity normally ranges from 25% to 91% during the course of the year. It 
approaches as high as 100% and rarely drops below 10%. Typically, the wind speed varies 
from 0 mph (miles per hour) to 19 mph (which indicate the calm to fresh breeze) and rarely 
exceeds 29 mph (strong breeze). The highest average daily wind speed occurs in May i.e., 
around 13 mph, but sometimes, it reaches 18 mph. The minimum average daily wind speed 
occurs in mid-November i.e., 5 mph (light breeze), but sometimes, it reaches 10 mph 
(gentle breeze). The wind direction is most of the times out of the west and southwest 
(Climate of Pakistan, 2011).  
The dengue fever case registry of Rawalpindi and Lahore districts has been acquired 
systematically from the computerized database system of the Government of the Punjab. 
The dengue fever cases of Karachi and Islamabad districts have been acquired from 
National Institute of Health Islamabad. The climatic data of mean monthly maximum and 
minimum temperature in 0C, total monthly rainfall in millimeters (mm), and average 
monthly wind speed in meters per second (m/s) of the study areas for the years 1978 to 
2012 has been acquired from Pakistan Meteorological Department.   
The boundary data of the study areas has been downloaded from DIVA-GIS website. The 
SPOT 5 multispectral datasets of 10 meters (m) spatial resolution for Islamabad have been 
acquired from Space and Upper Atmosphere Research Commission (SUPARCO)  
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Pakistan and processed in the SUPARCO GIS Laboratory. The 10 m resolution multispectral 
SPOT 5 imagery for Islamabad has been processed for 1st March 2005, 16th April 2009 and 28th 
March 2012. The Landsat TM 30 m imagery has been downloaded from United States Geological 
Survey (USGS) website subject to the availability of the data sets and processed for study areas 
i.e. Rawalpindi district for 22nd May 2000 and 20th May 2009, Karachi district for 15th April 2000 
and 31st March 2011; and Lahore district for 29th April 2000, 5th March 2009, and 27th April 2011. 
Shuttle Radar Topography Mission (SRTM) 90 m digital elevation model (DEM) of the study 
areas has been downloaded from USGS website. Tehsil wise population data of study areas has 
been acquired from the National Institute of Population Studies Islamabad and presented in 
graphical form.   
The dengue fever transmission due to urban environmental gradients has been analyzed by 
the identification of change in urbanization in districts of Rawalpindi, Islamabad, Karachi, 
and Lahore in selected years by using the satellite imagery. The change in urbanization has 
been analyzed to identify the dengue fever transmission in the areas of high and low 
population density. The data has been prepared by stacking, mosaicking and extracting the 
areas of interest. Identification of change in urbanization has been done by adopting the 
method of supervised classification using Landsat TM 30 m resolution imagery in 1, 4, 7 
band combination. The signature reflectance response of urban areas, water bodies, forest 
cover and different types of vegetation is very prominent in 7, 4, 1 band combination. 
Different classes have been identified, and the area for each identified class has been 
calculated in square kilometers (Sq. Km) and presented in tabulated form. Five classes have 
been identified in land use classification for Islamabad and Rawalpindi. These classes 
include urban area, bare land, forest, water bodies, and vegetation. Five land use classes 
that include bare land, planned urban, urban area, vegetation, and water bodies have been 
identified for Lahore. Nine classes of land use have been identified for Karachi. These 
include bare land, vegetation, urban area, dry barren, rocky bare land, water logged land, 
deserted land, wedged land (non uniformly elevated land), and water. The SRTM 90 m 
DEM has been processed for the calculation of flow accumulation, stream feature, and 
density of the drainage. Such parameters have been calculated considering that these are 
the topographic gradients and are affecting the dengue fever transmission in the urban 
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localities of the study area. The ‘Hydrology’ and ‘Surface’ tools of ‘Spatial Analyst Tool’ 
of Arc GIS 10 have been used for the analysis of digital elevation models.  
A high flow accumulation shows the areas of concentrated water flow which are downslope 
or on the flat surface and can be used to identify the channels of stream. The zero flow 
accumulation areas are the topographic highs and are used to identify ridges. The drainage 
pattern has been calculated by the polyline feature that identifies the stream order and 
stream feature. The stream feature represents the linear network. It has been calculated for 
100 meters of radius to search the linear network. Density of the drainage is calculated by 
stream feature that represents the linear network. This linear network has been used to 
calculate the line density. Line density calculates the magnitude per unit area from polyline 
features that lie within the radius around the pixel. The search radius of calculating the 
density is 100 meters. The unit is based on the linear unit of the projection of the output 
spatial reference.    
The 30-years climatic data from 1978-2008 for the months of July, August, September, and 
October of study areas has been plotted for the general trend of climate covariates during 
the months of high dengue fever transmission rate. The mean monthly minimum and 
maximum temperature in 0C, total monthly rainfall in millimeters (mm), and mean monthly 
wind speed in meter/ second (m/s) for summer monsoon months July, August, September 
(JAS) and  October have been plotted and analyzed to identify the change in behavior of 
these parameters during 2009-2012. The results have been drawn on the basis of change in 
parameters for the selected months in comparison to the normal and to the studied years. 
This mutual comparison gives the clear dimension of dengue fever transmission due to 
climate covariates. The dengue fever incidence in different regions has been shown in 
tabulated form.  
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Fig 1.1 Map of Pakistan highlighting the study areas  
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1.3 Results  
1. Based on the analyses performed on the datasets, the results show that during 2009, 
the climatic conditions were normal and hence the reported dengue fever cases were 
less as compared to the year 2010 and 2011.   
2. During 2010-2011 abnormal conditions prevailed in the country due to heavy rains 
and flooding which caused the high rate of dengue fever spread as compared to 
2009. Extreme cases were reported during these years due to abnormal climate 
regimes particularly in Lahore District.   
3. According to the confirmed dengue fever cases during 2009 shown in Table 1.5, 
there was positive correlation of reported dengue fever cases with the population 
density in the study areas but due to flooding and higher than the normal 
temperatures, high rate of dengue fever cases were reported in 2010 and highest 
number of cases in 2011. The highest number of dengue fever cases in 2011 might 
be due to the synergetic effect of continuous flooding in 2010 as well as in 2011.   
4. In 2012, the climatic conditions were close to normal and similar to 2009 hence the 
dengue fever cases show the decreasing trend. Moreover, many preventive 
measures were taken at government level that created the awareness among 
populations which prevented the disease spread during 2012. The reported cases 
during 2012 in Lahore are still higher as compared to other study areas; this aspect 
needs more comprehensive study in future.   
5. The clam winds (Fig 1.20) in Lahore has also supported positively to the dengue 
fever spread in 2011 as compared to the moderate to strong winds of Islamabad, 
Rawalpindi, and Karachi.    
6. The geomorphological patterns (flat surface) of Lahore support the dengue fever 
transmission as compared to other areas in 2011. The drainage pattern of Islamabad 
has a negative impact for Rawalpindi city, and the population of Rawalpindi is three 
times more than that of Islamabad, this might be the one reason that more dengue 
fever cases were reported in Rawalpindi as compared to Islamabad during 2011.    
  
Table 1.1 Islamabad area in sq. km for the years 2005, 2009 and 2012  
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Islamabad Area in sq. km  
 
 
2005  2009  2012  
Urban  161  297  374  
Bare Land  288  51  23  
Forest  289  218  144  
Water  4  5  4  
Scrub Land  101  272  298  
Total Area  845  845  845  
  
Table 1.2 Rawalpindi area in sq. km for the years 2000 and 2009  
Rawa lpindi Area in sq. km  
 
Year  2000  2009  
Urban  142  1078  
Bare Land  2889  2546  
Forest  126  163  
Water  21  19  
Vegetation  2055  1426  
Total Area  5234  5234  
  
  
  
Table 1.3 Lahore area in sq. km for the years 2000, 2009 and 2011  
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Lahore Area in sq. km  
 
 
2000  2009  2011  
Urban  267  419  421  
Bare Land  955  924  698  
Planned urban  345  186  321  
Water  6  7  12  
Vegetation  159  196  280  
Total Area  1734  1734  1734  
  
Table 1.4 Karachi area in sq. km for the years 2000 and 2011  
Ka rachi  Area in sq. km   
 2000  2011  
Dry Barren  49  49  
Bare Land  454  305  
Rocky Bare  25  25  
Water Logged  554  554  
Vegetation  372  352  
Water Bodies  59  58  
Deserted  1229  1098  
Urban Area  1009  1353  
Wedge Land  49  33  
Total Area  3804  3831  
  
Table 1.5 Confirmed dengue fever cases and deaths in study area from 2009-2012  
Confirmed Dengue Fever Cases and Deaths from 2009 to 2012 in the Study Areas  
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   Lahorea  Karachib  Rawalpindia  Islamabadb  
 
Cases  Deaths  Cases  Deaths  Cases  Deaths  Cases  Deaths  
2009  
378  2  688  7  30  0  3  0  
2010  
5532  3  4625  16  248  0  11  0  
2011  
21450  290    1072  16  14075  0  892  3  
2012  3865  0  798  2  149  0  21  0  
        aData acquired from the database of Government of the Punjab          bData 
acquired from the National Institute of Health Sciences Islamabad  
  
 
Fig 1.2 Estimated populations of Islamabad and Census 1998   
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Fig 1.3 Rawalpindi Tehsil wise estimated population and census 1998  
 
Fig 1.4 Estimated population of Lahore Tehsils and census 1998  
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Fig 1.5 Karachi district and tehsil wise population estimation and census 1998  
 
Fig 1.6 Flow accumulation of Islamabad  
(LL: 72040’0’’E, 33030’0’’ N; UL: 73020’0’’E, 33050’0’’N)  
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Fig 1.7 Drainage pattern of Islamabad   
(LL: 72040’0’’E, 33030’0’’ N; UL: 73020’0’’E, 33050’0’’N)  
 
Fig 1.8 Dengue fever cases reported from high drainage density areas of Islamabad  
 (LL: 72040’0’’E, 33030’0’’ N; UL: 73020’0’’E, 33050’0’’N)   
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Fig 1.9 Flow accumulation of Rawalpindi   
(LL: 72030’0’’E, 33005’0’’N; UL: 73040’0’’E, 3400’0’’N)  
 
Fig 1.10 Drainage pattern of Rawalpindi   
(LL: 72030’0’’E, 33005’0’’N; UL: 73040’0’’E, 3400’0’’N)  
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Fig 1.11 Dengue fever cases reported from high drainage density areas of Rawalpindi  
(LL: 72030’0’’E, 33005’0’’N; UL: 73040’0’’E, 3400’0’’N)  
  
Fig 1.12 Flow Accumulation of Lahore   
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(LL: 73059’0’’E, 31013’0’’N; UL: 74041’0’’E, 31047’0’’N)  
 
Fig 1.13 Drainage pattern of Lahore   
(LL: 73059’0’’E, 31013’0’’N; UL: 74041’0’’E, 31047’0’’N) 
 
Fig 1.14 Dengue fever cases reported from high drainage density areas of Lahore   
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(LL: 73059’0’’E, 31013’0’’N; UL: 74041’0’’E, 31047’0’’N)                      
  
  
Fig 1.15 Flow Accumulation of Karachi   
(LL: 66040’0’’E, 24030’0’’N; UL: 67040’0’’E, 25040’0’’N)   
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Fig 1.16 Drainage pattern of Karachi  
(LL: 66040’0’’E, 24030’0’’N; UL: 67040’0’’E, 25040’0’’N)   
 
Fig 1.17 Dengue fever cases reported from high drainage density areas of Karachi  (LL: 
66040’0’’E, 24030’0’’N; UL: 67040’0’’E, 25040’0’’N)   
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Fig 1.18 Monthly climate indices for Islamabad  
 
Fig 1.19 Monthly climate indices for Rawalpindi  
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Fig 1.20 Monthly climate indices for Lahore  
 
Fig 1.21 Monthly climate indices for Karachi  
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1.4 Discussion  
1.4.1 Urbanization and Population  
The urban area of Islamabad district has increased during the years 2005 to 2012 (Table 
1.1). According to the estimates of National Institute of Population Studies the population 
of Islamabad is showing an increasing trend (Fig 1.2). The urban area of Rawalpindi district 
has been 142.378 Sq. Km in the year 2000, it increased to 1078.93 Sq. Km in 2009 which 
is around 7.6 times more area than it had in year 2000. The bare land, vegetated land and 
water bodies has also a decreasing trend (Table 1.2). The six major tehsils of Rawalpindi 
are Rawalpindi Tehsil, Gujar Khan, Taxila, Kotli Sattian, Murree, and Kahuta. There is a 
coninuous increasing trend in the population of all tehsils of Rawalpindi (Fig 1.3). The 
urban area of Lahore district has increased from the year 2009 to 2011 (Table 1.3). The 
area of bare land has been decreasing rapidly and planned urban areas have been increasing. 
Similarly, the population of Lahore district has been increasing at higher rate as shown in 
Fig 1.4. The urban area of Karachi district has also increased. Bare and deserted land 
reduced in 2011 as compared to 2000 (Table 1.4).  
Similarly, there is a continuous increasing trend in the population of all tehsils of Karachi district 
from the year 1998 to 2012 (Fig 1.5).   
The changing urbanization patterns of the study areas have been affecting the natural 
drainage patterns and climate. Since the dengue fever was not present in the region for a 
very long time (Raheel et al., 2011); the increased urbanization and population density has 
supported dengue fever transmission in the mega cities of Pakistan. The anthropogenic 
activities have great influence on the Dengue transmission; survival and growth as it is 
favored by the urban environments. Increased urbanization is associated with the increased 
number of dengue fever cases in study areas particularly in Lahore district which is 
supported by the natural topographic features with Dengue vector supporting environments 
developed by human settlements and population density.   
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1.4.2 Drainage Pattern of Study Area  
In Islamabad, the water from the Margalla hills flow downward in the urban areas and 
drains out towards the streams of Soan and Kurang. This flushing flow has a negative 
impact on the dengue fever transmission in urban areas of Islamabad (Fig 1.6) and water 
rarely stays in the pools or side roads. It drains in to the small tributaries of Soan, Kurang 
and Gumreh Kas Rivers. A high flow accumulation shows the areas of concentrated flow 
which are downslope or on the flat surface, and has been used to identify the channels of 
stream as shown in (Fig 1.7). The zero flow accumulation areas show the topographic highs 
i.e. Margalla hills and other small ridges. Drainage density has been represented by the 
density of the linear network (Figs 1.7 & 1.8). Fig 1.8 shows the high magnitude of drainage 
density per unit area in the areas of brown color; orange and yellow colors show the good 
flow by the stream channels whereas the areas in green, cyan and blue colors are showing 
the low magnitude of the drainage density or poor drainage by the stream channel in 
Islamabad. Most of the dengue fever cases have been reported from the areas of high 
magnitude drainage density shown in brown color, where water remains stagnant in urban 
environments. High water flow prevents the Dengue vector to flourish at large scale by 
preventing the breeding sites. Increased urbanization has somehow affected the flushing 
effect of water in urban areas of Islamabad and thus, due to the urban influence dengue 
fever has prevailed in some sectors. The reported cases from these sectors were 192 from 
G-6, 129 from G-7, 65 from G-8, 61 from G-9, 40 from G-10, 57 from G-11, 29 from F-8, 
29 from F-6, 53 from I-10, and 40 from I-8 in the year 2011-2012. These sectors are situated 
in the areas of high drainage density, and flushing effect is low.   
Rawalpindi lies in the hilly region that contains the frequent ridges of moderate slopes. The 
water from the hilly areas flow downslopes in the urban areas of Rawalpindi and drain out 
towards the streams of Soan, Ling, Kurang and Lai Nala. This flushing flow had a negative 
impact on the dengue fever transmission in the urban areas of Rawalpindi in the past 
decades. The continuously rising ridges of moderate slope did not favor the stagnant water 
in the pools. The water rarely stayed in the pools or side roads. A flow accumulation (Fig 
1.9) shows the areas of concentrated flow and has been used to identify the channels of 
stream (Fig 1.10). Drainage density has been representing the density of the linear network 
48  
  
(Fig 1.11). The water flow prevents the flourishing of the Dengue vector at larger scale in 
the elevated areas of Rawalpindi by preventing the breeding sites. Increased urbanization 
and population has caused the change in the water flow. Infrastructure, construction and 
other activities in low elevation urban areas of Rawalpindi have provided the vector 
breeding sites. The cases reported from the areas of high drainage density were 135 from 
Murree, 1727 from Kahuta, 8134 from Rawal Town, 1464 from Potohar Town, 588 from 
Gujjar Khan, and 520 from Kallar Sayedan during 2011-2012.  
In Lahore, the flow accumulation has been used to identify the channels of stream (Fig 
1.12). The linear network of stream feature (Fig 1.13) and drainage density (Fig 1.14) 
shows that the poor drainage system has managed by stream channels in Lahore. Hence, 
there occurs no flushing effect of rainfall as compared to the twin cities (Fig 1.14). Flat 
surfaces prevent the flow of water. Water stays in small ponds, road sides and railway 
tracks. The areas of high magnitude drainage density along with the calm winds and rising 
minimum temperatures provided the environment for the breeding sites to prevail in urban, 
peri-urban or rural areas of Lahore district. The number of cases reported from the areas of 
high magnitude drainage density in Lahore district was 2228 from Shalamar Town, 1965 
from Ravi Town, 4272 from Data Ganj Bakhsh Town (DGB Town), 2066 from Gulberg 
Town (GB Town), 353 from Wagha Town, 1168 from Cantonment, 4558 from Iqbal Town, 
3402 from Nishtar Town, 2300 from Samanabad, and 534 from Aziz Bhatti Town during 
2011-2012. In comparison to the rapid urbanization, the natural topography of Lahore 
district allows the dengue fever transmission in the region. Urbanization has contributed to 
this natural transmission of dengue fever positively. Hence, the occurrence of dengue fever 
and its transmission increased with the increase in urbanization. A large number of dengue 
fever cases have been reported Lahore in the last few years (Table 1.5).  
Most of the area in Karachi consists of flat surface whereas the few slopes and rolling 
planes exist having the west and northwest directions. These slopes allow the water to flow 
in the form of stream channels towards Hub Dam in the northwest. There is quite a high 
rate of flow accumulation in the region (Fig 1.15). Linear network of the stream feature has 
been shown in Fig 1.16.  The magnitude of drainage density of linear network has been 
shown in Fig 1.17. Due to the unique type of topography with high magnitude of drainage 
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density, high flow accumulation area with the low elevated surfaces and very few slopes, 
Karachi proves to be situated on the low elevation coast of Arabian Sea. Most of the water 
drains out into the sea. The urbanization causes the disruption in the natural drainage of 
water and therefore it stays in ponds, roadsides, and on the other places of the urban area. 
This has increased the incidence of dengue fever in Karachi district. Since dengue fever 
was absent in the region for a very long time, the rapid urbanization, disturbed and poor 
drainage patterns of stream channels have increased the breeding sites. The change in 
climatic pattern due to industrialization and other anthropogenic activities has provided the 
environmental conditions for the birth, survival, and growth of Dengue vectors in urban 
areas of Karachi district. Moreover, Karachi receives very less rainfall throughout the year, 
there is no flushing effect of water and hence the water remains stagnant even in the high 
flow accumulation areas and favors the development of vector breeding sites. The high hit 
areas of Karachi district situated near the areas of high drainage density shown in brown 
color, the areas where water remains stagnant; the reported dengue fever cases during 2011-
2012 were 278 from New Karachi, 271 from Orangi, 147 from Gulshan-e-Iqbal, 256 from 
North Nazimabad (NNA), 293 from Clifton, and 330 from Saddar.   
1.4.3 Dengue Fever Cases  
The range of dengue fever has started to extend from south to north Pakistan after 2006. 
Few cases were reported in year 2007 and 2008 from all over Pakistan. Only 112 cases and 
two deaths were confirmed until August in 2009. As the summer monsoon season started 
in the month of July, the increased number of dengue fever patients reported. The total 
number of dengue fever cases reached to more than 1500 with around 800 confirmed cases 
by the end of rainy season (October) from all over Pakistan during 2009. Most of these 
confirmed cases have been reported from Lahore, Karachi and Rawalpindi (Table 1.5). The 
worst flood of the decade hit most part of the country in 2010 that not only directly resulted 
in the loss of property and lives but also increased the vector breeding sites. A large number 
of dengue fever cases were reported i.e. around 11000 cases and 54 deaths were reported 
across Pakistan during 2010. This was for the first time in Pakistan, the highest number of 
deaths reported due to this disease. The year 2011 proved to be even worse than the year 
2010 with regard to dengue fever in the country. Lahore proved to be the most affected 
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region during this year. The confirmed dengue fever cases reached to an alarming figure in 
2011 in Lahore district with higher number of deaths than ever before due to this disease. 
The dengue fever spread was controlled in 2012 and the reported cases fell by 75%. There 
is statistically significant difference in the number of cases across different cities during a 
year. About 95% cases in Lahore, 98% cases in Karachi, 99% cases from Rawalpindi and 
100% cases from Islamabad have been reported after the onset of summer monsoon season 
during the months of August, September, and October in the studied years. The p value 
(0.02<0.05) obtained for these results at 95% level of significance shows that most of the 
cases have been reported after the onset of summer monsoon season.  
1.4.4 Climatic Analysis  
Normal rainfall was received during the year 2008 all over Pakistan. The increased amount 
of rainfall received in successive years as compared to the year 2008. Around 80% of the 
total annual rainfall in Pakistan is received during summer monsoon months of JAS. Mean 
monthly minimum and maximum temperature for the months of JAS and even for October 
in Islamabad were higher than the normal temperature for the years 2010 and 2011 (Fig 
1.18). Islamabad received higher rainfall in JAS of 2010 and 2011 as compared to the 
previous year, i.e., 2009 and higher than the normal. The mean monthly minimum 
temperature of Rawalpindi district was recorded around 3.0 0C higher than the normal in 
the month of August and September during 2010 and 2011. The winds in Rawalpindi and 
Islamabad were recorded moderate to strong and followed the general trend during the 
studied years. Rawalpindi received rainfall higher than the normal and higher than the 
previous year during JAS of 2010 and 2011 (Fig 1.19). The mean monthly minimum and 
maximum temperature of Lahore remained higher than the normal by 0.50- 1.0 0C during 
2010 and 2011 in the months of August and September. Lahore district has very steady 
trend of calm to moderate winds and it followed the general trend during the studied years. 
Lahore received rainfall higher than the previous year and normal during JAS of 2010 and 
2011 (Fig 1.20). The clam wind is an essential ingredient for the development of vector 
habitat. These calm winds together with the continuously increased minimum temperature 
and higher than the normal rainfall during the summer monsoon season of years 2010 and 
2011 developed the suitable environment for the Dengue vector development particularly 
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in Lahore. The minimum temperatures of Karachi during JAS in 2010 and 2011 were also 
higher than the normal. Karachi has high fluctuation in wind speed. It has moderate to 
strong breeze pattern that followed the general pattern during the studied years (Fig 1.21). 
Karachi received higher than the normal rainfall only in the month of September during 
2011. Although the climatic parameters were fluctuating during 2012 but due to the 
extensive awareness and spray campaigns in urban areas through each dry spell of 5-7 days 
in monsoon season controlled the dengue fever transmission. Hence, the reported cases fell 
by 75% in this year all over Pakistan.   
1.5 Conclusion  
This study shows the spatial analysis of the dengue fever distribution from 2009-2012, 
based on the urbanization, drainage patterns and climatic variables including temperature, 
rainfall, and wind speed/direction in different cities of Pakistan. However, more precise 
study of the distribution of dengue fever is necessary. This would require improvement in 
the record of epidemics by processing the daily and weekly reports. The homogeneity in 
regional clusters may be taken in to account for further improvement to understand the 
spread. In this way, the efficiency of control activities may be improved by highlighting 
the localities of higher risk within a vulnerable region. Such studies would also be helpful 
in the decision-making on public health prevention programs like personal protection, 
environmental intervention, and vector control. In due course, such study will help in the 
development of disease early warning systems and predictive models based on variety of 
parameters.  
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Chapter 2  
  
Environmental Risk Factors and Hotspot Analysis of  
Dengue Fever Distribution in Pakistan  
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This study involves a micro level analysis to understand the dengue fever transmission in 
urban gradients of four different cities of Pakistan during 2011. For this purpose 
spatiotemporal distribution of dengue fever in Islamabad, Rawalpindi, Lahore, and Karachi 
has been taken into account. According to the available data, the factors responsible for 
this spread include climate covariates like rainfall, temperature, and wind speed; and social 
covariates like population, area of locality, and stream density. Reported dengue fever 
cases from localities and SRTM 90 m DEM of study areas have been processed for 
hotspots, outlier analysis, linear regression model, and stream density in the localities of 
high dengue fever incidence. Linear regression analysis has been performed with dengue 
fever cases, population, and area of localities to highlight the high epidemic localities. The 
relationship of daily dengue fever incidence with climate covariates during the months of 
July-October of the study year has analyzed. Results show that each dry spell of 2-4 days 
during the wet months of July and August in the areas of high stream density and population 
provided suitable conditions for the development and survival of Dengue vector. Very few 
cases were reported in July while higher number of cases were reported in the months of 
August, September, until late October during 2011.  
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2.1 Introduction   
After the first reported case of dengue fever in 1994 from Karachi (Chan et al., 1994) this 
disease has been the part of study in various perspectives but the impact of spatiotemporal 
factors of dengue fever dynamics at local level is still lacking in Pakistan. For this purpose, 
present study has been conducted in four different cities (Islamabad, Rawalpindi, Lahore 
and Karachi) to address the dengue fever spread based on climate and social covariates. 
Based on the available information of dengue fever for the years 2007-2012, Pakistan 
remained vulnerable to dengue fever during the last decade (Halstead, 2008; Fatima et al., 
2011; WHO, 2012). Dengue fever continued to occur in different cities of Pakistan in 
successive years while the year 2011 remained highly vulnerable. Our study shows that the 
mega outbreak of dengue fever occurred in 2011 with highest number of reported cases 
causing several mortalities and morbidities. About 95% of cases were reported after the 
onset of summer monsoon comprising the months of August, September and October. The 
micro level analysis of dengue fever occurrence is particularly important to know the 
behavior of social covariates at local level because they contribute enormously in the 
disease spread. Thus spatial and temporal distribution, behavior of climate and social 
covariates towards the spread of this disease at micro level is urgently required to indicate 
the high disease prone areas of these cities. It is more important to study the societal and 
environmental phenomena in order to design a rational strategy to mitigate the negative 
impacts of this dreadly disease (Wolff, 2012; Knap, 2002).   
The variability of weather phenomena is considered as a major indicator of the increased 
occurrence of dengue fever (Wu et al., 2007). The association of dengue fever incidence 
with monthly temperature deviations was observed prominently affecting at a time lag of 
around 2 months (Wu et al., 2007). Urban development is specifically problematic in the 
suitable areas for the Dengue vector bacause A.aegypti is well adapted to these 
environments and is highly anthropophilic (WHO, 2009; Cox et al., 2007).  By providing 
favorable physical conditions for the development of Dengue mosquitoes, this environment 
plays an important role in describing the transmission rates (Favier, 2005). Different 
elements of dengue fever transmission dynamics including the development and survival 
of the vector mainly depend on climatological factors (Jetten and Focks, 1997). Period of 
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the development and vulnerability of the mosquitos have been experiential to depend on 
temperature (Mourya, 2004; Chowell et al., 2007). The survival period of these vectors is 
shorter in warmer and colder temperatures, though both the parasites and mosquitoes can 
only survive within a suitable range of ambeint temperatures (Smith et al., 2013; Yang et 
al., 2009). Yang et al., (2009) has indicated the tempeature range of 150 - 30 0C for the 
mosquito survival and there is no oviposition, gonadotrophic cycle, or development of 
immatuare forms to adults beyond this range. Variations in rainfall and temperature have 
been correlated with the dengue fever infections and a higher number of cases were found 
associated with temperature and rainfall possibly due to the resulting increase in breeding 
sites, vector biting activity, the probabiliy of vector to human transmission per bite, virus 
incubation period, and life expectancy of mosquitoes (Chowell and Sanchez 2006; Favier 
et al., 2005; Liu-Helmersson et al., 2014). The tolerances and requirements of the breeding 
habitats are significant while considering the role of hydrological processes on their 
distribution and density (Chowell and Sanchez, 2006).  
The geographic variations in the intensity of transmission have been observed all over the 
globe at all scales (Guerra, 2006). In the early twentieth century, the Malaria control with 
in northeast Brazil and Zambia (Utzinger, 2001) were attempted successfully by targeting 
the drainage which were the habitat of anopheles (Keiser et al., 2005; Learmonth, 1957). 
The effect of geomorphological and hydrological processes on the variability of dengue 
fever spread is by passed in many of the studies investigating the environmental controls 
of dengue fever transmission. Generally, it is accepted that while targeting the transmission 
hotpots, the vector ecology details are important components for vector eradication and 
elimination strategies (Smith et al., 2013). These are diverse processes, but behave very 
predictably with the catchment locations in reaction to the environmental processes and, 
significantly, will actively respond to the meteorological inputs (e.g response to the rainfall 
and temperature). Dengue fever transmission is normally related to the topographic patterns 
and the regions proximal to channel passages (Gemperli et al., 2006). Distance from the 
stream has also been associated with the abundance of mosquitoes in Belize, Kenya, 
Mauritius, Tanzania, Brazil and to canals in Peru (Hakre et al., 2004; Edillo et al., 2004; 
Jepson et al. 1947; Oesterholt et al., 2006; Olson et al., 2009; Guthmann et al., 2001).   
56  
  
Temporary ponds form during the days of severe rainfall in any slight depression in the 
topography. These local depressions in the topography may arise due to irrigation canal 
construction, housing, infrastructure or may be formed naturally. These small ponds 
especially form alongside railways or roads. These temporary ponds preferentially appear 
in the areas of low surface infiltration (Learmonth, 1957). These breeding sites are the 
major source of vector breeding in a desert-fringe village in Niger and formed local habitats 
for Malarial vector (Bomblies et al., 2008). Machado, (2012), has found that the dengue 
fever distribution is limited in the mountainous region along the boundaries of the northern 
states of Chihuahua, Sinaloa, Durango and Sonora. According to Hsueh et al., (2012) 
dengue is fever rarely found in mountainous region.   
Many reasons have been proposed to demonstrate the re-emergence of dengue fever in 
those regions where it had been absent from extended periods of time. Causes for 
reemergence may involve the settlements of infected population with absent strains that 
naturally brought reductions in mean herd immunity (Chowell et al., 2007).    
Since the first informed outbreak of dengue fever in Pakistan, several small occurrences 
have been observed in the region. Serotype 3 Dengue virus outbreak was reported in 2005 
for the first time in Karachi. Studies confirm that serotype 3 was predominant in Lahore 
since 2008. The Serotype 2 was the major circulating serotype in Pakistan as it has been 
documented since 1994. The total number of 114 serum samples were collected over the 
period of three years (2007-2009) from Lahore. Twenty samples were found infected with 
Dengue virus. During the year 2007, four samples were found infected with serotype DEN-
2 and one sample was infected with serotype DEN-3. During the year 2008, three samples 
were found infected with serotype DEN-2, whereas five samples were found infected with 
both serotypes DEN-2 and DEN-3. During the year 2009, six samples were found positive 
with serotype DEN-2, whereas one sample was found infected with both serotypes DEN-2 
and DEN-3 at the same time. The most dominant positively found serotype was serotype 
DEN-2 during the study period (Fatima et al., 2011).  
In recent outbreaks of Asia, dengue fever has been observed increasingly common. 
Serological outbreaks of many different types of viral hemorrhagic fevers including dengue 
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hemorrhagic fever have been reported in Pakistan. (Humayoun et al., 2010). This study is 
an attempt to correlate the social and climatic factors with dengue fever to understand the 
transmission by micro level analysis and to highlight the risk prone localities in study areas 
during the study period (i-e 2011).    
2.2 Materials and Methods  
Study area for this research comprises Islamabad, Rawalpindi, Lahore and Karachi. This 
research involves a micro level study of these cities. Sector wise study of Islamabad, Union 
Council (UC) (the fifth administrative tier of government in Pakistan) wise study of 
Rawalpindi and Lahore, and town wise study of Karachi has been conducted.  
Islamabad city is divided into several sectors and these sectors are identified by the 
combination of alphanumeric values by the Capital Development Authority, Islamabad 
Pakistan. The names of the sectors are in alphabetical order like B, C, D, E, F, G, H and I. 
Each sector is uniformly distributed into four sub-sectors e.g. I-9/1 - I-9/4; containing three 
residential and one commercial sub-sector. There are around 90 sectors of Islamabad 
however, only developed sectors have been processed for results in this study. Dengue 
fever cases reported from 68 developed sectors of Islamabad, 153 urban UCs of 
Rawalpindi, 151 UCs of Lahore, and 25 towns of Karachi for the year 2011 have been 
acquired systematically from the database of the Government of the Punjab and Sindh and 
National Institute of Health (NIH). All records have been standardized on monthly basis 
(August, September and October (ASO)) and annually (i.e. repeated cases on the same 
locality during 2011 summed up as one occurrence). To study the potential socioeconomic 
factors; the population, area of sectors/UCs/towns, length of streams, and total number of 
stream tributaries have been considered, whereas the daily minimum temperature in 0C, 
daily wind speed in meter/second (m/s) and daily rainfall in millimeters (mm) of ASO have 
been chosen as affecting environmental covariates. The sector/UCs/town boundary data 
has been digitized and geo-referenced in ArcGIS 10. Estimated population data of 2011 for 
all areas has been acquired from NIPS. The meteorological datasets of study areas have 
been acquired from Pakistan Meteorological Department (PMD) and compared with the 
58  
  
daily dengue fever incidence during ASO and presented in graphical form. SRTM 90 m 
DEM of study area has been processed by using the ‘Spatial Analyst Tool’ of ArcGIS 10 
to calculate the length and total number of streams. The population of localities with high 
dengue fever incidence and area of localities with dengue fever incidence have been 
especially taken into account for the stream analysis. The ‘Spatial Statistics Tool’ has been 
used to compute the patient’s directional distribution, hotspot analysis, spatial outlier 
analysis, ordinary least squares (OLS) for dengue fever cases during 2011.  
Hotspot analyses identify statistically the clusters of points having higher magnitude using 
the quantity of ‘Relative Risk Ratio’. It further defines the intervals showing; highly disease 
prone areas in dark red color, medium level disease prone areas in light red color, highly 
vulnerable areas in grey color, and medium level vulnerable areas in blue color. The 
Anselin Local Moran’s I statistic is the indicator of spatial association. It is used in Cluster 
and Outlier analysis that evaluates the high prone areas in clusters of localities at 95% level 
of significance. High positive z-score for a locality indicates that the surrounding localities 
have similar values (either high values or low values). The localities that show statistically 
significant (0.05 level) cluster of high values are indicated by (HH) and the localities that 
show statistically significant (0.05 level) cluster of low values are indicated by (LL). A low 
negative z-score (for example, < -1.96) for a locality indicates a statistically significant 
(0.05 level) spatial outlier, hence such localities are indicated if the locality has a high value 
and is surrounded by locality with low values (HL) or if the locality has a low value and is 
surrounded by localities with high values (LH). The Anselin Local Moran’s I statistic is 
the indicator of spatial association. It is used in Cluster and Outlier analysis that evaluates 
the high prone areas in clusters of localities at 95% level of significance. The directional 
distribution generates the standard deviational ellipses to summarize the spatial attributes 
like dispersion, directional trends and central tendency of geographic features. Ordinary 
least square method has been applied for regression analysis which minimizes the errors in 
calculations therefore it has been used here to model the dependent variable i.e. dengue 
fever cases in terms of its relationship with the explanatory variables i.e. population, and 
area of localities.   
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2.3 Description of Stream Analysis  
2.3.1 Islamabad  
As mentioned earlier that the Islamabad Capital Territory (ICT) is divided into different 
sectors and each sector is comprised of an area of 3.0 Km2. The analysis of stream patterns 
in sectors (F-6, F-7, G-6, and G-7) show that there are four big streams of length 3 Km, 3.5 
Km, 2.5 Km and 3.5 Km extending north south with around 25, 45, 20, 42 tributaries 
respectively of length 0.3 Km to 0.5 Km. These sectors have high drainage density as 
compared to adjacent sectors. The total number of dengue fever cases reported from F-6 
was 25, 15 from F-7, 190 from G-6 and 123 from G-7 during 2011.   
There are four streams of length 1.5 Km, 4.5 Km, 3.0 Km, and 1.5 Km covering the sectors 
of (F-8, F-10, G-8 and G-10). There are around 35, 40, 35, and 24 tributaries respectively 
and hence showing high density of drainage in these sectors. The total number of dengue 
fever cases reported from F-8 was 27, 17 from F-10, 63 from G-8 and 37 from G-10 during 
the studied period.   
There are three streams of length 1.5 Km, 6 Km and 4.5 Km covering the sectors of (F11, 
F-12, G-11 and G-12) and extending in north south direction. There are around 14, 65, and 
34 tributaries of length 0.3 Km to 0.7 Km of these streams extending in east west directions. 
The total number of dengue fever cases have reported from F-11 was 07, 04 from F-12, 54 
from G-11 and 06 from G-12 during the study year (i-e 2011).  
Similarly, there are three streams of length 5.0 Km, 6.1 Km and 4.5 Km covering the sectors 
of (I-8, I-9, I-10, and I-11). There are around 40, 52, and 27 tributaries of length 0.2 Km to 
0.5 Km of these three streams respectively. The total number of dengue fever cases reported 
from I-8 was 39, 12 from I-9, 51 from I-10, and 20 from I-11 during 2011.  2.3.2 
Rawalpindi  
The analyses of Rawal Town show that there is one major stream of length 16.1 Km with 
161 tributaries of length 0.5 Km to 0.8 Km covering the areas of Jalal Din, Chaklala, 
Morgah and Kotha Kalan UCs. There are three other large streams of length 2.5 Km, 4 Km 
and 4.5 Km with 37, 58 and 61 small tributaries of length 0.3 Km to 0.5 Km in this area. 
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There is one major stream of length 10.0 Km covering the areas of Dhamial, Dhamian 
Syedan and covering some part of Morgah and Lakhan. It has around 151 tributaries of 
length 0.5 Km to 0.8 Km. There is one stream of length 14 Km covering the UCs of Ranial, 
Garja and Adiala. It has 21 big tributaries of length 3 Km to 4 Km with further 350 small 
tributaries of length 0.2 Km to 0.5 Km extending in multiple directions. The total number 
of dengue fever cases reported from Jalal Din (21. 5 Km2) was 351, 354 from Chaklala 
(24.1 Km2), 351 from Morgah (21.0 Km2), and 401 from Kotha Kalan (35.8 Km2), 851 
from Dhamial (13.8 Km2), 571 from Dhamian Syedan (36.3 Km2), 754 from Lakhan (28.5 
Km2), 449 from Ranial (77.4 Km2), 501 from Garja (30.2 Km2), and 43 from Adiala (106.2 
Km2).  
The stream analyses of Potohar Town show that there are three streams of length 9.2 Km, 
8.5 Km, and 10.3 Km covering UCs of Chahan, Sihal and Chauntra. All of these streams 
have 7 big tributaries of length 5 Km to 6 Km. There are further 397 tributaries collectively 
of all three streams and 7 tributaries of length 0.5 Km to 1.0 Km. All the tributaries are 
connecting with other stream. There is a very dense network of tributaries in this area. The 
total number of dengue fever cases reported from these UCs are 277 from Chahan (177.2 
Km2), 249 from Sihal (133.5Km2), and 425 from Chauntra (84.4 Km2). There is highly 
dense drainage pattern in UCs of Chakri, Gagan, and some part of Chauntra. There is a 
stream of length 12 Km with 25 tributaries of length 8 Km to 10 Km. All of these tributaries 
have further 70 to 80 small tributaries of length 0.3 Km to 0.5 Km. The total number of 
dengue fever cases reported from these UCs are 250 from Chakri (120.9 Km2), and 455 
from Gagan (98.4 Km2). Chakbeli Khan (115.9 Km2)UC is also one of the localities which 
have highest drainage density in Rawalpindi. It has one stream of length 11.4 Km with 11 
tributaries of 3.5 Km to 4.0 Km. These 11 tributaries have further 20 to 25 small tributaries 
of length 0.3 Km to 0.5 Km. Dengue fever cases reported from this UC was 350 during 
2011. There is one stream of length around 25 Km covering the Mughal Pura UC of Potohar 
Town and extending northward covering Dakhali, Hothla, Khadiot, Karrore, and Kahuta 
Urban UCs of Kahuta Town. There are 20 large tributaries of length 2.5 Km to 3.5 Km of 
the big stream. Further, there are around 600 small tributaries collectively of length 0.3 Km 
to 0.5 Km. There are two streams of length 6.1 Km and 5.5 Km with around 27 and 49 
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tributaries respectively of length 1.0 Km to 1.3 Km. Total number of dengue fever cases 
reported from Mughal pura (38.3 Km2) was 301, 535 from Dakhali (86.8 Km2), 573 from 
Hothla (83.4 Km2), and 451 from Kahuta (54.7 Km2), whereas Karrore (43.5 Km2) and 
Khadiot (74.4 Km2) reported very few number of cases during 2011.  
There is one stream of length 4.1 Km with around 74 tributaries of length 0.2 Km to 0.4 
Km in Mowara UC of Kahuta Town. There is one stream of length 11.3 Km in Doberan 
Khurd UC with around 105 tributaries of length 0.2 Km to 0.4 Km. Dengue fever cases 
reported from Mowara (44.8 Km2) was 35, and 108 from Doberan Khurd (112.9 Km2).  
There are two streams of length 7.5 Km and 8.4 Km covering Punjgran Kalan, Devi, Jatli, 
Raman, and Jhangal UCs of Gujjar Khan Town. There are further 83 and 91 tributaries of 
these two streams respectively of length 0.5 Km to 1.0 Km. Dengue fever cases reported 
from these UCs are 150 from Punjgran (116.4 Km2), 75 from Devi (77.7 Km2), 71 from 
Jatli (54.2 Km2), 155 from Raman (68.2 Km2), and 70 from Jhangal (85.5 Km2).There is 
one stream of length 17 Km with 13 tributaries of length 3.5 Km to 4.0 Km covering Narali, 
a part of Raman, Daultala, Sukhu, and Gujjar Khan Urban UCs. There are around 25 to 30 
small tributaries of length 0.2 Km to 0.4 Km of these 13 tributaries. Dengue fever cases 
reported from Sukhu (61.5 Km2) were 67 during 2011 whereas few cases were reported 
from other UCs.  
The analysis of Kotli Sattiyan shows that there are five streams of length 2.5 Km to 3.2 Km 
meeting with one stream of length 6.2 Km covering the UCs of Sartha Sarola, and Dheer 
Kot Sattiyan. There are around 57, 59, 54, 37, and 25 tributaries of length 0.3 Km to 0.5 
Km of these five streams respectively. These streams are further extending towards Potha 
Sharif, Phagwari, Sher Bagla, and Gehl UCs of Murree. There is another stream of length 
3.5 Km covering areas of these UCs of Murree with around 74 tributaries of length 0.3 Km 
to 0.5 Km. Total number of dengue fever cases reported from these UCs are 25 from Sartha 
Sarola (61.1 Km2), 19 from Dheer Kot Sattiyan (25.9 Km2), 18 from Potha Sharif (13.3 
Km2), 25 from Phagwari (13.3 Km2), 21 from Sher Bagla (13.3 Km2), and 17 from Gehl 
(28.3 Km2).   
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There are three streams of length 7.4 Km, 7.5 Km, and 5.5 Km covering localities of 
Bishandot and Ghazan Abad of Kallar Syedan Town. There are 6, 8, and 3 tributaries of 
length 2.5 Km to 3.0 Km respectively of the three streams. There are around 204 small 
tributaries of length 0.3 Km to 0.5 Km of all streams collectively. The total number of 
dengue fever cases reported from Bishandot (33.6 Km2) was 150, and 251 from Ghazan 
Abad (53.2 Km2). There are three streams of length 11.1 Km, 6.2 Km and 4.5 Km with 
around 94, 105, and 67 tributaries of length 0.4 Km to 0.7 Km covering the UCs of Kanoha, 
and Choa Khalsa. Dengue fever cases reported from these UCs are 50 from Kanoha (47.6 
Km2), and 75 from Choa Khalsa (41.0 Km2). There are four streams of length 10 Km, 4.1 
Km, 4.2 Km, and 7.5 Km with around 109, 43, 24, and 112 tributaries of length 0.4 Km to 
0.6 Km in Samote. Total number of dengue fever cases reported from Samote (73.7 Km2) 
was 51.  
2.3.3 Lahore  
The analyses of stream patterns in Allama Iqbal Town show that there are three big streams 
each of length around 4.5 Km meeting with one major stream of length 3.2 Km in the Niaz 
Beg UC which spread in different directions covering major part of this UC. Further, it has 
around 87 tributaries of length 0.3Km to 0.5 Km. Hence; this area has high drainage density 
as compared to neighboring UCs like Shahpur and Hanjarwal. The total number of dengue 
fever cases reported from the Niaz Beg (15.9 Km2) was 491, 159 from Hanjarwal (17.6 
Km2) and 38 from Shahpur (31.1 Km2) during 2011. The total length of major stream in 
Chung is 1.74 Km with around 230 tributaries of 0.3 Km to 0.8 Km covering the major 
urban areas. The area of this UC is 22.90 Km2.The total number of dengue fever cases 
reported from this UC during 2011 was 265.Four big streams are meeting with one major 
stream of length 8.89 Km in Johar Town. Lengths of four big streams are around 3.7 Km, 
2.6 Km, 3.5 Km and 4.0 Km extending north south with 91 tributaries of length 0.2 Km to 
0.5 Km. It is a small UC of area around 9 Km2 with dense population and high drainage 
density. Highest number of dengue fever cases was reported from Johar Town i.e., 1534.   
The length of major stream of Data Ganj Bakhsh Town (DGB Town) is 7.25 Km 
connecting four other streams of length 4.7 Km, 5.6 Km, 2.4 Km and 2.9 Km with around 
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137 tributaries of length 0.3 Km to 0.5 Km extending in all directions. The major and 
connected streams are covering many highly populated small UCs of DGB Town like 
Mozang (1.4 Km2), Anarkali (2.0 Km2), Shadman (2.3 Km2), Qila Gujjar Singh (2.4 Km2), 
Bilal Ganj (1.27 Km2), Ganj Kalan (0.6 Km2), Ameen Pura (0.8 Km2), and Gawalmandi 
(0.9 Km2). Hence, DGB Town has very high drainage density. Dengue fever cases reported 
from these areas during 2011-2012 were 1314, 265, 68, 273, 788, 30, 61, and 197 
respectively.   
The total length of major stream of Cantonment is around 19 Km2. Many small tributaries of 
length 2.5 Km to 3 Km and big tributaries of length 1.0 Km to 1.5 Km are meeting with each 
other and with the major tributary. The total area of Cantonment is 97 Km2 and the total 
number of dengue fever cases reported particularly from the areas of high drainage density 
was 973 during 2011.  
Samanabad Town also comprises many highly populated small UCs. The length of its 
major stream is 16 Km. There are around 300 tributaries of length 0.4 Km to 1.0 Km 
extending in all directions covering different UCs like Rehman Pura (1.3 Km2), Nawan 
Kot (1.2 Km2), Sham Nagar (1.7 Km2), Muslim Town (6.9 Km2), Gulshan-e-Iqbal (2.1 
Km2), Sodiwal (0.6 Km2), Babu Sabu (2.5 Km2), Gulshan-e-Ravi (1.2 Km2), Ichhra (0.8 
Km2), and Samanabad (1.9 Km2). Results show that there is high drainage density in this 
town. The total number of dengue fever cases reported from these UCs was 38, 30, 198, 
168, 61, 61, 84, 282, 487, and 810 respectively.   
Shalamar Town has one major stream of length 6.6 Km connecting two other big streams 
of length 10.6 Km and10.10 Km. There are around 40, 200, and 350 tributaries of length 
0.3 Km to 1.0 Km of major and big streams respectively which represents very high 
drainage density. These streams cover the UCs of Baghbanpura (1.3 Km2), Gujjarpura (9.0 
Km2), Bhaghatpura (0.6 Km2), Shad Bagh (1.5 Km2), Begum Pura (3.4 Km2), Chah Miran 
(1.2 Km2), Makhan Pura (0.58 Km2), Kot Khawaja Saeed (0.8 Km2), and Faiz Bagh (0.5 
Km2). All of these UCs are densely populated. The total dengue fever cases reported from 
these UCs was 383, 220, 113, 383, 88, 195, 56, 590, and 132 during 2011.   
64  
  
Gajju Matta, Sittara Colony, Attari Saroba and Jia Bagga are UCs of Nishtar Town. In 
Gajju Matta, there are 4 major streams of length 11.7 Km, 6.5 Km 4.6 Km, and 6.3 Km 
meeting with one stream of length 7.6 Km. There are around 70, 55, 63, 70 and 23 
tributaries of these big streams respectively of length 0.3 Km to 0.5 Km. This appears 
clearly that it has very high drainage density. Jia Bagga has no major flowing stream. There 
are around 120 tributaries extending in all directions of length 0.5 Km to 1.0 Km. 
Tributaries are in the form of bunches in Jia Bagga. In Attari Saroba and Sittara Colony, 
there is one major stream of length 4.2 Km and 5 other streams are connected with it. The 
length of connected streams are 4.1 Km, 4.0 Km, 3.5 Km and 2.6 Km and 2.4 Km. There 
are around 71, 42, 49, 40, and 35 tributaries of these five streams respectively of length  
0.3 Km to 0.5 Km. The total number of dengue fever cases reported from these UCs was 124 from 
Gajju Matta (28 Km2), 660 from Jia Bagga (56.3 Km2), 388 from Attari Saroba (8.3 Km2), and 
132 from Sittara Colony (0.98 Km2).   
Mughalpura, Ghaziabad, Mustafa Abad, and Harbanspura are UCs of Aziz Bhatti Town. 
These UCs have small area and are densely populated. In Mughalpura, there is one major 
stream of length 12.4 Km and around 56 streams of average length 0.5 Km. There are 
around 60 tributaries in Ghaziabad of length 0.5 Km to 0.8 Km. In Mustafa Abad, there is 
one major stream of length 7.5 Km and around 25 tributaries of length 0.2 Km to 0.4 Km. 
In Harbanspura, there are 2 major streams of length 3.2 Km and 4.6 Km. There are around 
37 and 45 tributaries of 2 major streams respectively with length 0.3 Km to 0.5 Km 
covering the major part of urban area. The total number of dengue fever cases reported 
from these UCs was205 from Mughalpura (1.25 Km2), 51 from Ghaziabad (0.73 Km2), 51 
from Mustafa Abad (0.88 Km2), and 91 from Harbanspura (6 Km2).   
Nine smaller area and densely populated UCs of Ravi town reported significant number of 
dengue fever cases during study years. These include, Shahdara with one major stream of 
length 2.6 Km with around 25 tributaries of length 0.2 Km to 0.5 Km. Jia Musa has one 
major stream of length 2.7 Km with around 20 tributaries of length 0.2 Km to 0.5 Km. Kot 
Begum has one major stream of length 1.8 Km with around 35 tributaries of length 0.2 Km 
to 0.5 Km. Fruit Mandi has also one major stream of length 4.1 Km with around 35 
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tributaries of length 0.4 Km to 0.7 Km. Qila Lachchman Singh has one major stream of 
length 4.2 Km with around 42 tributaries of length 0.3 Km to 0.5 Km. Androon Texali Gate 
has one major stream of length 3.5 Km with 45 tributaries of length 0.2 Km to 0.5 Km. 
Androon Bhati Gate has one major stream of length 4.5 Km with around 25 tributaries of 
length 0.2 Km to 0.4 Km. Rang Mahal has one major stream of length 1.9 Km with 20 
tributaries of length 0.2 Km to 0.4 Km. Androon Dehli Gate has one major stream of length 
1.4 Km with 20 tributaries of length 02 Km to 0.4 Km. The total number of dengue fever 
cases reported from these UCs was 650 from Shahdara (1.6 Km2), 56 from Jia Musa (2.5 
Km2), 91 from Kot Begum (6 Km2), 245 from Fruit Mandi (1.4 Km2), 112 from Qila 
Lachchman Singh (1.5 Km2), 91 from Androon Texali Gate (0.9 Km2), 196 from Androon 
Bhati Gate (0.5 Km2), 203 from Rang Mahal (0.7 Km2), and 119 from Androon Dehli Gate 
(0.5 Km2).  
2.3.4 Karachi  
The stream analysis of Karachi shows that there are three streams of length 4.5 Km, 6.3 
Km and 7 Km meeting with another stream of length 10 Km in North Nazimabad. The 
three streams have around 48, 56, and 57 tributaries of length 0.2 Km to 0.4 Km extending 
in north- south directions. It is a congested area with very high population as well as 
drainage density. The total number of dengue fever cases reported from North Nazimabad 
(4.2 Km2) was 69 during 2011.There is one big stream of length 12 Km covering the area 
of Orangi Town (4.5 Km2) with around 125 tributaries of length 0.5 Km to 1.0 Km. Dengue 
fever cases reported from this town were 149 during 2011. There are two major streams 
extending in north south directions of length 15 Km and 17 Km meeting with a stream 
extending in east west direction of length 5.2 Km in Gulshan-eIqbal Town (12.1 Km2). 
There are around 137 and 158 tributaries of length 0.3 Km to 0.5 Km of two major streams 
respectively. A total number of 71 dengue fever cases were reported from Gulshan-e-Iqbal 
Town during 2011.   
There was very high drainage density recorded in the areas of Karachi Cantt, Saddar, 
Clifton, and Jamshed Town. There are six streams coming from different directions and 
meeting at one point. The lengths of these streams are 3 Km (coming from south), 2.5 Km 
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(coming from south west), 4 Km (coming from west), 3.5 Km (coming from north), 5 Km 
(coming from north east) and 4.5 Km (coming from east). There are around 54, 23, 19, 60, 
75, and 56 tributaries of these six streams respectively. There is another stream of length 
4.9 Km passing through this area with around 45 tributaries. The length of tributaries in 
this area is 0.3 Km to 0.5 Km. The total number of dengue fever cases reported from these 
areas during 2011 were 51 from Karachi Cantt (9.10 Km2), 151 from Saddar (3.67 Km2), 
91 from Clifton (2.5 Km2), and 31 from Jamshed Town (5.67 Km2).  
There is one stream of length 16.1 Km in New Karachi with around 14 big tributaries of 
length 1.4 Km to 2 Km extending in different directions. There are around 40 to 45 small 
tributaries of length 0.2 Km to 0.4 Km of each of these 14 big tributaries. It is heavily 
populated area and analysis shows that there is very high magnitude of drainage density in 
this town. Dengue fever cases reported from New Karachi (4.10 Km2) were 149 during the 
study year.  
2.4 Results  
1. Rawalpindi has extensively dense drainage pattern with high magnitude. It has 
many small and large tributaries connecting with each other and with large streams. 
The large streams have been extending in north-south direction whereas small and 
large tributaries have been extending in east-west direction. The highly disease 
prone UCs of Rawalpindi and Lahore, and towns of Karachi have been generally 
appeared to be densely populated; less in area and high magnitude of drainage 
density. The drainage pattern of study areas is dendritic type. The streams have 
been extending from north to south starting from Margalla hills whereas its 
tributaries have been extending in east-west direction in Islamabad. These streams 
of Islamabad cause the flow of water towards the urban areas of Islamabad and 
Rawalpindi. This stream pattern becomes dense and concentrated at the point where 
Islamabad joins Rawalpindi. This area comprises the sectors of I-8, I-9, I-10, I-11 
and Rawal Town. Results show that these sectors and Rawal town have reported 
highest number of dengue fever cases, high magnitude drainage density, less area 
of the locality with dense population.   
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2. The population of Lahore city has concentrated towards the north side because there 
are more employment and education opportunities. This situation has created a 
sudden rigorous expansion in human settlements in these areas. Along with the 
dense population, the drainage pattern, climatic conditions and areas of the UCs 
played vital role in dengue fever transmission during the study year. Further, the 
huge inflow of population towards these areas from other places has caused the 
disturbance in natural stream flow.   
3. In Karachi, the natural flow of streams is towards Arabian Sea and at some places 
of high ridges the drainage pattern is similar to hilly areas. But at other places, the 
low flow accumulation conditions cause the water to stay in high drainage density 
areas and hence the vector development. Few dengue fever cases have been 
reported from well-planned urban areas whereas the areas of having high 
population with less area of locality and high magnitude of drainage density caused 
the dengue fever transmission at much higher rate. Such local behavior of social 
covariates along with the suitable climatic conditions became the factor responsible 
for the sudden outbreak of dengue fever during the time in question.  
4. Results show that very few dengue fever cases have been reported in the month of 
July in all study areas (Fig 2.1- 2.4). As the season became wetter, few cases started 
to register in the last week of July 2011 and continued to increase from the first 
week of August (Fig 2.5-2.8). As the wet conditions prevailed due to heavy rains 
in the month of September, the increased cases of dengue fever were reported and 
continued until the end of October (Fig 2.9-2.16). After reporting 688 cases during 
2009 in Karachi and due to lack of awareness and mitigation strategies, the 
abnormal climatic conditions in the region caused the spread of dengue fever at 
much higher rate and a total number of 4,625 cases were reported after the onset of 
summer monsoon during 2010. The monthly minimum temperatures of Karachi 
during JAS in 2010 were higher than the normal. Similarly, the total monthly 
rainfall of Karachi during JAS in 2010 was also higher than the normal.   
5. The weather regimes of 2010 put synergetic effect on the occurrence of dengue 
fever in 2011 in study areas. This might be the one reason that more cases of dengue 
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fever were reported in 2010 as compare to 2011 in Karachi. On the other hand, the 
migration from Karachi particularly towards Lahore and Rawalpindi during 2010 
and onwards due to the economic instability was observed and this might be another 
reason of less dengue fever cases reported from Karachi during 2011.   
6. The directional distribution of dengue fever cases in study areas has been shown in 
maps (Figs 2.17-2.20). The hotspot analysis of dengue fever cases in study areas 
during 2011 has been shown in maps (Figs 2.21-2.24). Outlier analysis has been 
shown in maps (Figs 2.25-2.28). The Ordinary least squares of dengue fever cases 
with respect to the population and area of localities in study areas during 2011 has 
been shown in maps (Figs 2.29-2.32). These analyses justify the above mentioned 
results.  
 
Fig 2.1 Daily dengue fever incidence with minimum temperature, rainfall and wind speed 
during July 2011 in Islamabad 
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Fig 2.2 Daily dengue fever incidence with minimum temperature, rainfall and wind speed 
during July 2011 in Rawalpindi  
 
Fig 2.3 Daily dengue fever incidence with minimum temperature, rainfall and wind speed 
during July 2011 in Lahore 
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Fig 2.4 Daily dengue fever incidence with minimum temperature, rainfall and wind speed 
during July 2011 in Karachi  
 
Fig 2.5 Daily dengue fever incidence with minimum temperature, rainfall and wind speed 
during August 2011 in Islamabad  
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Fig 2.6 Daily dengue fever incidence with minimum temperature, rainfall and wind speed 
during August 2011 in Rawalpindi  
 
Fig 2.7 Daily dengue fever incidence with minimum temperature, rainfall and wind speed 
during August 2011 in Lahore  
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Fig 2.8 Daily dengue fever incidence with minimum temperature, rainfall and wind speed 
during August 2011 in Karachi   
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Fig 2.9 Daily dengue fever incidence with minimum temperature, rainfall and wind 
speed during September 2011 in Islamabad  
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10 Daily dengue fever incidence  
speed during September 2011 in Rawalpindi  
Fig 2.11 Daily dengue fever incidence with minimum temperature, rainfall and wind 
speed during September 2011 in Lahore  
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12 Daily dengue fever incidence  
speed during September 2011 in Karachi  
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Fig 2.13 Daily dengue fever incidence with minimum temperature, rainfall and wind 
speed during October 2011 in Islamabad  
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14 Daily dengue fever incidence  
speed during October 2011 in Rawalpindi  
Fig 2.15 Daily dengue fever incidence with minimum temperature, rainfall and wind 
speed during October 2011 in Lahore  
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16 Daily dengue fever incidence  
speed during October 2011 in Karachi  
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Fig 2.17 Dengue fever cases directional distribution for Islamabad during 2011 
(LL: 72040’0’’E, 33030’0’’ N; UL: 73020’0’’E, 33050’0’’N)  
 
Fig 2.18 Dengue fever cases directional distribution for Rawalpindi 2011  
(LL: 72030’0’’E, 33005’0’’N; UL: 73040’0’’E, 3400’0’’N)  
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Fig 2.19 Dengue fever cases directional distribution for Lahore 2011 (LL: 
73059’0’’E, 31013’0’’N; UL: 74041’0’’E, 31047’0’’N)  
 
Fig 2.20 Dengue fever cases directional distribution for Karachi 2011   
(LL: 66040’0’’E, 24030’0’’N; UL: 67040’0’’E, 25040’0’’N)   
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Fig 2.21 Hotspot analysis of dengue fever cases in Islamabad during 2011   
(LL: 72040’0’’E, 33030’0’’ N; UL: 73020’0’’E, 33050’0’’N)  
 
Fig 2.22 Hotspot analysis of dengue fever cases in Rawalpindi during 2011  
(LL: 72030’0’’E, 33005’0’’N; UL: 73040’0’’E, 3400’0’’N)  
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Fig 2.23 Hotspot analysis of dengue fever cases in Lahore during 2011 (LL: 
73059’0’’E, 31013’0’’N; UL: 74041’0’’E, 31047’0’’N)  
 
Fig 2.24 Hotspot analysis of dengue fever cases in Karachi during 2011   
(LL: 66040’0’’E, 24030’0’’N; UL: 67040’0’’E, 25040’0’’N)   
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Fig 2.25 Spatial outlier analysis of dengue fever cases in Islamabad during 2011 
(LL: 72040’0’’E, 33030’0’’ N; UL: 73020’0’’E, 33050’0’’N)  
 
Fig 2.26 Spatial outlier analysis of dengue fever cases in Rawalpindi during 2011  
(LL: 72030’0’’E, 33005’0’’N; UL: 73040’0’’E, 3400’0’’N)  
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Fig 2.27 Spatial outlier analysis of dengue fever cases in Lahore during 2011 
(LL: 73059’0’’E, 31013’0’’N; UL: 74041’0’’E, 31047’0’’N)  
 
Fig 2.28 Spatial outlier analysis of dengue fever cases in Karachi during 2011  
(LL: 66040’0’’E, 24030’0’’N; UL: 67040’0’’E, 25040’0’’N)   
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Fig 2.29 OLS of dengue fever cases with respect to the population and area of localities 
in Islamabad during 2011 (LL: 72040’0’’E, 33030’0’’ N; UL: 73020’0’’E, 33050’0’’N)   
  
86  
  
Fig 2.30 OLS of dengue fever cases with respect to the population and area of localities 
in Rawalpindi during 2011 (LL: 72030’0’’E, 33005’0’’N; UL: 73040’0’’E, 3400’0’’N)  
 
Fig 2.31 OLS of dengue fever cases with respect to the population and area of localities 
in Lahore during 2011 (LL: 73059’0’’E, 31013’0’’N; UL: 74041’0’’E, 31047’0’’N)  
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Fig 2.32 OLS of dengue fever cases with respect to the population and area of localities 
in Karachi during 2011 (LL: 66040’0’’E, 24030’0’’N; UL: 67040’0’’E, 25040’0’’N)    
2.5 Discussion   
The general distribution of dengue fever cases in the study areas has represented by green 
points while standard deviational ellipse has highlighted the patient’s distribution by 
summarizing the spatial attributes like dispersion, directional trends, and central tendency. 
The directional distribution of dengue fever cases may be affected by the drainage pattern, 
density of the drainage, density of human population settlements affecting the natural 
drainage patterns and drainage density, flow accumulation conditions, geomorphological 
and meteorological conditions of the study areas Moreover, the Figs (2.17-2.20) show the 
mean centers of these cases in study areas. Hotspot analysis indicates the high disease prone 
localities as well as the vulnerable places. Sectors of Islamabad shown in dark red color 
have been highly disease prone areas; these include F-6, F-7 and G-6 sectors. Medium level 
disease prone sectors have been highlighted in light red color; these include F-8, F-9, G-8, 
and I-10 sectors. The sectors vulnerable to disease have been highlighted in grey color; 
these include E-12, E14, E-15 I-8, I-11, and I-12, sectors (Fig 2.21).  
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The highly disease prone UCs of Rawalpindi have been shown in dark red color; these 
include Ranial, Garja, Chak Jalal Din, Chaklala, Dhamial, Morgah, Kotha Kalan, Rehman 
Abad, Dhok Munshi Khan, Lakhan, Dhamian Syedan, Adiala, and Tarahia. Medium level 
disease prone UCs include Takht Puri, Mughal Pura, Dakhali, Ghazan Abad, Sihal, 
Chauntra, Gagan and Chakbeli Khan and have been shown in light red color. The 
vulnerable UCs have been shown in grey color; these include Potha Sharif, Sher Bagla, 
Gehl, Charhan, Phagwari, Ban, Lehtrar Bala (Fig 2.22).   
The highly disease prone UCs of Lahore include Johar Town, Sikandar Block, Liaqatabad, 
Ismail Nagar, Kot Lakhpat, Makkah Colony, Farid Colony, Sitara Colony, and Attari 
Saroba. Medium level disease prone UCs include Faisal Town, Muslim Town, Garden 
Town, Awan Town, Township, Green Town, Gulberg, Naseerabad, Maryum Colony and 
Chandrai whereas UCs with slight risk include Niaz Beg, Ali Raza Abad, and Model Town 
whereas medium level vulnerable to disease areas have been highlighted in grey color 
including Muslimabad, Lakhodher, Fateh Garh, Salamat Pura, Harbanspura,  
Taj Bagh and Guldasht Colony. The UCs less vulnerable to disease comparatively have 
been highlighted in blue color; these include Baghbanpura, Gujjarpura, Bhaghatpura,  
Shad Bagh, Begum Pura, Chah Miran, Makhan Pura, Kot Khawaja Saeed, and Faiz Bagh.  
(Fig 2.23).   
The highly disease prone towns of Karachi include Karachi Cantt and Jamshed Town. 
Medium level disease prone areas include Orangi, New Karachi, North Nazimabad, Saddar, 
and Clifton whereas towns with slight risk include Gulshan-e-Iqbal town whereas medium 
level vulnerable to disease areas have been highlighted in grey color including Malir, Faisal 
Cant, Shah Faisal, Korangi, Landhi, DHA, Baldia Town and Layari while the less 
vulnerable town to this disease is Keamari and has indicated by blue color (Fig 2.24).  
Localities with less population, low magnitude of drainage density and larger area appeared 
to be reporting very less or no number of dengue fever cases. For example, the UCs of 
Rawalpindi like Raika Mira, Sakot, Thatha Khalil, Khurram Paracha, Gharhi Sikandar, and 
Punjar etc. and UCs of Lahore like Maraka, Shamke Bhattian, Sultanke, Hadiara, and 
Minhala etc. reported very less number of dengue fever cases. Similarly, towns in Karachi 
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with low drainage density and less population comparative to their land area appeared to 
be reporting very less number of dengue fever cases like Keamari, Baldia Town, and 
Korangi. The UCs with comparatively large areas like Chahan, Adiala, Sihal, Chakbeli 
Khan, Chauntra, Gagan, and Trahia of Rawalpindi, JiaBagga, Niaz Beg, Chung, Sabzazar, 
and Cantontment of Lahore, and towns like North Nazimabad, and Gulshan-e-Iqbal of 
Karachi have high drainage and population densities which caused the dengue fever 
transmission in urban areas.  
Outlier analyses highlight the localities at high risk in study areas in black color and 
localities at medium risk in orange color (Fig 2.25-2.28). Correlation maps of dengue fever 
cases with respect to population and land area of localities have been highlighting the 
sectors E-13, E-14, F-6, F-7, F-8, F-9, G-6, G-8, and I-10 of Islamabad, the UCs Ranial, 
Garja, Chak Jalal Din, Chaklala, Dhamial, Morgah, Kotha Kalan, Rehman Abad, Dhok 
Munshi Khan, Lakhan, Dhamian Syedan, Adiala, Tarahia, Takht Puri, Mowara, Choa 
Khalsa, Khalol, Kanoha, Mughal Pura, Dakhali, Ghazan Abad, Sihal, Chauntra,  
Gagan, Narali, Devi, Jatli and Chakbeli Khan, Potha Sharif, Sher Bagla, Gehl, and Charhan, 
of Rawalpindi, the UCs Niaz Beg, Chung, Johar Town, Sabzazar, Mozang, Babu Sabu, 
Sittara Colony, Attari Saroba, Samanabad, Sanda Kalan, Ameenpura, Gujjar Singh of 
Lahore, and Orangi, New Karachi, North Nazimabad, Saddar, Karachi Cantt, Clifton and 
Gulshan-e-Iqbal of Karachi as disease prone areas in light red and dark red colors. It shows 
that highly populated localities with small land areas have been majorly hit by dengue fever 
in all study areas (Fig 2.29-2.32). The highly disease prone sectors are majorly appeared to 
be densely populated and high magnitude in drainage density. Sectors with less population 
and low drainage density appeared to be reporting less number of dengue fever cases.   
Generally, summer monsoon season in Pakistan starts from first week of July and extends 
till end of September. The total number of dengue fever cases reported in the month of 
August 2011 from Islamabad was 115, 1,467 from Rawalpindi, 3,933 from Lahore, and 
135 from Karachi. Analyses show that each dry spell of 2-4 days provided the suitable 
conditions (higher rainfall and higher than the normal minimum temperature) for the 
development and survival of Dengue vectors during summer monsoon months of ASO in 
study areas. The dry spell can easily be noted between the wet spells in the Fig. (2.1-2.16) 
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e.g. the dry spell between 4th and 7th day and 18th and 23rd day in Islamabad (Fig. 1), dry 
spell between 4th and 7th day and 18th and 22nd day in Rawalpindi (Fig. 2) and so on. Figures 
also show higher number of reported cases during the dry spells of August and September 
and even in the post monsoon month of October.  It is evident from different studies that 
the vector borne diseases have been associated with above normal rainfall (Githeko et al., 
2000; Climate of Pakistan, 2011). As the Dengue vector developed, the incidence rate 
increased and reached as high as 353 in Islamabad, 4,256 in Rawalpindi, 9,629 in Lahore, 
and 325 in Karachi during September 2011. Minimum temperatures of July and August 
2011 were higher than the normal and supported the Dengue vector development. The 
reported dengue fever cases reached 424 in Islamabad, 5,672 in Rawalpindi, 6,816 in 
Lahore, and 516 in Karachi during October 2011. There are many factors affecting the 
spatio-temporal distribution of dengue fever in four big cities of Pakistan. Stream pattern, 
drainage density, population of locality, area of locality, geomorphology, and climatic 
conditions are interconnected that play vital role in the transmission of this disease in urban 
and peri-urban areas. There are other factors which contribute indirectly towards the spread 
of this disease including travelling patterns within the big cities. The increased rate of 
migration/travelling from Karachi and other surrounding cities towards Lahore and 
Rawalpindi/Islamabad during 2010 and onward has also been observed due to the 
economic instability in Sindh province, particularly in Karachi. This may be another reason 
of less Dengue cases reported from Karachi during 2011 and onwards. As Lahore and 
Rawalpindi lie in the Punjab province that are more developed as compared to other 
provinces and offer more employment and education opportunities, so people from all over 
Pakistan travel to these cities round the year. Islamabad is the capital of Pakistan and is 
regarded as the most developed city (Khalid and Ghaffar 2015), hence it offers greater 
opportunities of better livelihood. On the basis of above mentioned factors, more dengue 
cases have been reported as a result of migrations toward these cities (Islamabad, 
Rawalpindi and Lahore) as compared to Karachi during study period.   
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2.6 Conclusion  
This study shows the spatio-temporal distribution of dengue fever during 2011, based on 
social covariates including population, area of locality, and stream density, and climate 
covariates including minimum temperature, rainfall and wind speed in different cities of 
Pakistan. The figures of daily dengue fever incidence and climatic parameters in this study 
also present a clear relationship between climate covariates and daily dengue fever 
incidence. The burden of dengue fever is challenging for policy makers and public health 
officials. Recognizing the high risk areas of dengue threat will strengthen the controlling 
strategies and support in reducing the impacts for future. The present study of recent dengue 
fever risk burden and distribution in four major cities of Pakistan will become the basis for 
future endeavors and help to achieve the goal in mitigation of this dreadly disease.  
  
  
  
  
  
  
  
  
  
  
  
Chapter 3  
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Relationship of Dengue Fever with Malaria and Other 
Social and Climate Variables from Four Different Cities of 
Pakistan  
  
  
  
  
  
  
  
  
  
The rationale of this study is to highlight the significance of the relationship of dengue 
fever with Malaria and other social and climate covariates from four different cities 
(Lahore, Karachi, Islamabad and Rawalpindi) of Pakistan. For this purpose the relationship 
between the occurrences of dengue fever and Malaria, dengue fever and flooding, dengue 
fever and population, and dengue fever and travelling in the study areas have been taken 
into account. Generalized Linear Mixed Model (GLM) with Markov Chain Monte Carlo 
(MCMC) algorithm has computed to see the random effects of different social (population, 
travelling, and Malaria) and climate (minimum-maximum temperature, and rainfall) 
covariates on dengue fever occurrence. Neural Network with Multilayer Perceptron has 
been used to analyze the normalized importance of different covariates relative to dengue 
fever occurrence. Results show that flooding, travelling, population and occurrence of 
Malaria have been significantly affecting the occurrence of dengue fever in study areas. 
Magnitude of these relationships has also shown by the results of neural network. Change 
in occurrence of Malaria has affecting the occurrence of dengue fever as much as 5.4 times, 
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whereas GLM with MCMC also shows significant random effects of Malaria, population 
and rainfall on the dengue fever occurrence during the studied years (2009-2012).   
3.1 Introduction  
Recently, the studies on dengue fever transmission have been conducted at micro as well 
as macro level from various perspectives in different cities of Pakistan, but the significance 
of its relationship with Malaria, social, and climate covariates needs to be investigated. As 
our study suggests that most of the dengue fever cases have been reported after the onset 
of summer monsoon season, this monsoon phenomenon has greater importance for our 
region from the perspective of availability of fresh water, flash flooding and maintenance 
of infrastructure.   
The monsoon system allows significant moisture transfer to the wide geographical region 
of Indian Subcontinent which highly affects the human populations (Caley et al., 2011). 
Nowadays, the environments of Arabian Sea experience large seasonal variations because 
of strong monsoonal winds and associated variation in interrelated mechanisms (Clemens 
and Prell, 2003; Luckge et al., 2001). The monsoonal winds are associated with high 
variability of interrelated mechanisms, contrasted precipitations, strength and direction of 
the ocean currents (Sirocko et al., 2000). Due to summer monsoon season, humid and 
warmer conditions prevail over Karachi and generally over the Indian Subcontinent 
(Luckge et al., 2001). The monsoonal rainfall decreases from northeast to southeast and 
has very large spatio-temporal variations (Hussain et al., 2010). July and August are the 
rainiest months for Murree, July is the rainiest month for Lahore, and August is the rainiest 
month for Islamabad (Shamshad, 1988). The fourth assessment report of Intergovernmental 
Panel on Climate Change (IPCC) illustrates that the results of GCMs showed the 
inconsistent patterns of summer monsoon and GCMs are unable to model the timing and 
shift of peak rainfall events (Annamalai et al., 2007). Goswmai et al., (2006) stated that 
Indian Monsoon rainfall has shown high fluctuations during the past century and has also 
experienced inter-decadal variations. As the Low Pressure System over the Bay of Bengal 
moves northwest, it causes heavy rainfall in Kashmir and upper Punjab. Pakistan lies in the 
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arid region and receives overall less rainfall but still the climate of the region results in 
severe flash flooding of the drainage systems over the Makran region (von Rad et al., 1999).  
Pakistan receives heavy rainfall during July to September (Kumar et al., 2004). Summer 
monsoon season is the main source of rainfall in Pakistan (Kureshy, 1998) as it brings 55 - 
80% of the total annual rainfall. These heavy rains also cause flash flooding in the upper 
parts while severe flooding in lower parts of the country particularly in the southern Punjab 
and Sindh. Pakistan has been experiencing unceasingly flood risks during the last decade, 
with a worse flood in 2010 that affected around twenty million people. These flood events 
badly affected the economy and lives in Pakistan (Dyurgerov and Meier, 2010). Glacier 
melting also intensifies frequency and magnitude of flooding with damages to 
infrastructure development. The profile of climate change of this region predicts substantial 
increase in total precipitation, prevalence of extreme wet and warm seasons, and extreme 
seasonal and annual temperatures. All of these contribute to greater precipitation runoff, 
melt runoff and flood risk (Singh and Bengtsson, 2005). Extreme events have projected to 
increase which will increase the disaster’s propensity. Due to these extreme events, the 
greater summer accumulation combined with sharp seasonal temperature transitions may 
cause substantial additional and increased variability of runoff, and its adverse effects on 
human populations have been discussed in detail (Dyurgerov and Meier, 2010; Ahern et 
al., 2005).  
WHO, (2006), reported the outbreak of different infectious diseases after the flooding in 
Romania, Czech Republic and Italy. Similarly such outbreaks of dengue fever after 
flooding have also been reported from Pakistan. The causes of these outbreaks were 
identified as the disruption water treatment infrastructure and sewage disposal (GuhaSapir 
et al., 2010). The outbreak of infectious diseases is more common in tropical and 
subtropical countries specifically after flooding (Munckhof et al., 2001).   
The most frequent arthropod-borne viral disease in humans is dengue fever. Around 50 
million people living in subtropical and tropical semi-urban and urban areas are infected 
annually by this disease (Kyle and Harris, 2008). In Southern Taiwan, A. aegypti is the 
main mosquito causing the dengue fever. Taiwan comprises of tropical and subtropical 
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regions with relatively high humidity and temperature round the year. These high humidity 
and temperature potentiate the ideal conditions for the growth and survival of Dengue 
vector (Chen and Hsieh, 2012).   
Dengue fever and Malaria has been reported in returning travellers in the United States and 
France (Berrington et al., 2007; Karch et al., 2001; Meltzer and Schwartz, 2009). The 
subtropical and tropical climate along with the monsoon environments provides the suitable 
environment for the vectors to flourish and hence both (i.e. Malaria and dengue fever) are 
found to be endemic at the same time in the same region (Thaver et al., 2011).  Several 
studies have been conducted related to co-existence of Malaria and dengue fever in patients 
(Abbasi et al., 2009; Carme, 2009), illustrating the shared environmental settings as a 
transmission factor. Concurrent existence of Dengue and Malarial infections has been 
widely investigated for tropical and subtropical regions (Wiwanitkit, 2011; Zaki, 2011; 
Cifuentes et al., 2013). Although, concurrent Dengue and Malarial infections are not 
common but they may exist at the same time, both diseases can cause severe febrile illness 
while Malaria can also be chronic (Wiwanitkit, 2011). The effects of climate covariates on 
Malaria and Dengue vectors and their parasites have been investigated in several studies 
but the relationship between Malaria and dengue fever occurrence has not been investigated 
and this aspect needs attention. The dependence of dengue fever on Malaria and vice versa 
is necessary to understand the occurrence of vector borne infections in the region 
particularly the dengue fever transmission.  
Several public tourist destinations are dengue fever endemic areas and the figure of 
imported cases are increasing continuously. Several studies related to Australia and Europe 
estimated up to 8 percent of all excited returning travellers show serological evidence of 
dengue fever (O’Brien et al., 2001). Many travellers from Asia imported dengue fever cases 
to Europe. With the increase in tourism, it is possible that the frequency of imported dengue 
fever in the UK will continue to rise in future. Dengue fever was accountable for 
approximately one-quarter of the total number of admissions in the hospital that were 
attributed to Malaria.   
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Dengue fever has been reported as most frequently occurring disease in returning travellers. 
It was accounted for 2.1% of all reported illnesses related to travel (Schwartz et al., 2008), 
and among febrile travellers it has continuously been responsible for the greater number of 
hospitalizations (Stienlauf et al., 2005). Dengue fever is most likely to occur in travellers 
with their likelihood of previous exposure to it because repeated exposure causes severe 
illness. The reported dengue fever cases among travellers are around 1- 3% (Meltzer and 
Schwartz, 2009). The risk of Malaria transmission is also high in the migrants of foreign 
workers from high endemic areas (Huguet, 2005). Study shows that about 1.5% of migrants 
from Myanmar to Thailand were infected with Malarial parasites (Kritsiriwuthinan and 
Ngrenngarmlert, 2011). The cases of Malaria have also been reported by incoming and 
returning travellers in Tunisia (Alaya-Bouafif et al., 2011). Similarly, the relationship of 
dengue fever transmission with travelling, social and climate covariates is still lacking in 
Pakistan. For this purpose the relationship between the occurrences of dengue fever and 
climate covariates, dengue fever and Malaria, dengue fever and flooding, dengue fever and 
population, and dengue fever and travelling in the study areas have been taken into account 
in four different cities of Pakistan i.e. Islamabad, Rawalpindi, Lahore and Karachi.   
The environmental and human considerations and their interaction are significant for 
designing the pro-active policies on long term basis that would help to reduce the dengue 
fever incidence (Colwell and Patz, 1998). The non-climatic issues like imported cases and 
population immunity were considered potential confounder in Taiwan (Wu et al., 2009).  
3.2 Methodology  
The reported dengue fever cases for cities under study have been acquired from database 
of the Government of the Punjab and Sindh, and National Institute of Health (NIH). 
Travellers’ data of national highways has been collected from National Highway Authority, 
data of air travelling has been acquired from Civil Aviation Authority Pakistan, and data 
of train travelling has been acquired from Planning Commission of Pakistan. Climatic data 
has been acquired from Pakistan Meteorological Department, and population data has been 
acquired from National Institute of Population Studies. To study the relationship of dengue 
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fever with climate covariates like mean annual maximum temperature in 0C, mean annual 
minimum temperature in 0C, and total annual rainfall in milli meters (mm) and social 
covariates including travellers to cities under study, Malaria, and population have been 
processed for the years of 2009-2012. The selection for the use of data sets over the span 
of 2009-2012 has been done on the basis of data availability of all parameters. The 
percentage departure of rainfall and the annual trends of minimum and maximum 
temperatures have been drawn for study areas for the years of 1993-2012. Linear regression 
model has been computed at 95% level of significance to analyze the relationship of social 
and climate covariates with dengue fever occurrence in study areas.   
Generalized Linear Mixed Model with Markov Chain Monte Carlo (MCMC) algorithm has 
been computed to see the random effects of climate and social covariates on dengue fever 
transmission. Generalized mixed model was used in the study of dengue fever occurrence 
in 160 micro regions of Brazil (Lowe et al., 2011). This model has proved to be useful in 
case of non-normal longitudinal data sets. It enables to fit the linear mixed effects models 
to sampled data. The ‘mixed’ procedure fits model more general as compared to those of 
general linear model procedure and it involves all models in the variance components. This 
model is equally important to manage the unequal variances and correlated data.   
Neural Network with Multilayer Perceptron algorithm has been computed for analyzing 
the normalized importance and the association of dengue fever with social and climate 
covariates in study areas. Multilayer perceptron is a feed-forward artificial neural network 
architecture that models multi-layer function and transform it into two layer function. It 
uses the supervised learning technique for network and training called back propagation 
and results in the form of directed graph. The color code of the directed line in the graphs 
shows the relationship whereas its thickness shows the magnitude of the relationship 
between the variables.  
3.3 Results  
Results at 95% level of significance show that there is an inverse relationship between 
Malaria and Dengue fever. The value of R. square is 0.034 indicating that there is only 3.40 
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percent dependence of Dengue fever on Malaria. F-value is 0.496>0.05 indicating that 
occurrence of Malaria is responsible for bringing change in Dengue occurrence.  The rate 
of change in Dengue fever due to change in Malaria is calculated as b1= -1.374.   
A weak relationship is obtained for change in Malaria due to change in Dengue fever. 
Dengue fever is not much responsible for the change in occurrence of Malaria as compared 
to Malaria affecting the occurrence of Dengue fever. This is proved by the value of b1= -
0.25. Hence, change in occurrence of Malaria affecting the occurrence of Dengue fever as 
much as 5.4 times in study areas during the studied year.   
Results at 95% level of significance show that there is a positive relationship between 
population and Dengue fever occurrence. The value of R. square is 0.251 indicating that 
there is 25.1 percent dependence of Dengue fever on population. F-value was 0.135>0.05 
indicating that population is responsible for occurrence of Dengue fever in the study areas.   
There is a weak but positive relationship between minimum temperature and Dengue fever 
occurrence. The value of R. square is 0.052 indicating that there is only 5.2 percent 
dependence of Dengue fever on minimum temperature. The F-value is 0.766>0.05 
indicating that the minimum temperature is responsible for Dengue fever occurrence in 
study areas. The value of b1=431.115 is showing the dependence of Dengue on minimum 
temperature.   
There is a weak positive relationship of Dengue fever occurrence with rainfall in study 
areas. The value of R. square is 0.086 indicating that there is only 8.6 percent of dependence 
of Dengue fever on rainfall. The F-value is 1.1314>0.05 indicating that the rainfall is 
responsible for Dengue fever occurrence in study areas. The value of b1= 4.811 is showing 
the dependence of Dengue fever on rainfall.  
There is an inverse relationship between maximum temperature and Dengue fever 
occurrence. R. square is 0.010 indicating that there is only 1.0 percent dependence of 
Dengue fever on maximum temperature, the F-value is 1.39>0.05 indicating that the 
maximum temperature is responsible for occurrence of Dengue fever. The value of b1= 
391.694 is showing the dependence of Dengue fever on maximum temperature.   
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GLM with MCMC was computed to see the random effects of spatio-temporal factors and 
their variability during the studied years on Dengue fever occurrence. This model further 
verifies the significant relationship between Dengue fever dependence and spatiotemporal 
factors. Results show the significant random effects of Malaria on Dengue fever and p-
value 1.0>0.05. Significant results were obtained for random effects of rainfall and 
population on Dengue fever with p-values 0.679>0.05 and 0.254>0.05 respectively 
whereas insignificant results were obtained for random effects of minimum and maximum 
temperature. Significant results were obtained with p-value 0.084>0.05 for random effects 
of all parameters collectively on occurrence of Dengue fever in study areas.   
The neural network show the highest normalized importance of Malaria for Dengue fever 
transmission in Islamabad, minimum temperature for Rawalpindi, and population for 
Lahore and Karachi (Table 3.1-3.4). Relatively strong magnitude of relationship of  
Dengue fever has also been shown with population and travellers for Islamabad, rainfall 
and Malaria for Rawalpindi, minimum temperature and Malaria for Lahore and rainfall and 
maximum temperature for Karachi.  
The results of percentage departure for the study areas are shown in Figs (3.1-3.4). The 
percentage departure for Islamabad was higher in 2011 than in previous years (i.e. 2009 
and 2010). The percentage departures for Rawalpindi follow the pattern of previous years, 
whereas it was higher than the normal and previous years in Lahore and higher than the 
normal in Karachi during 2011. Higher than the normal percentage departures validate our 
results of monthly climate indices (Figs. 1.18-1.21) and linear regression analysis that 
shows a positive relationship of rainfall with Dengue fever transmission in the study areas.  
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Table 3.1 Normalized importance of independent variables for occurrence of dengue 
fever in Islamabad  
  Importance  Normalized Importance  
Malaria  0.358  100.0%  
Population  0.211  58.8%  
Trav to Isb  0.199  55.7%  
Min Temp  0.038  10.5%  
Rainfall  0.043  12.0%  
Max Temp  0.151  42.2%  
  
Table 3.2 Normalized importance of independent variables for occurrence of dengue 
fever in Rawalpindi  
  Importance  Normalized Importance  
Malaria  0.168  46.2%  
Population  0.110  30.2%  
Trav to Rwp  0.085  23.3%  
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Min Temp  0.364  100.0%  
Rainfall  0.265  73.0%  
Max Temp  0.008  2.3%  
  
  
  
  
  
  
  
  
  
Table 3.3 Normalized importance of independent variables for occurrence of dengue 
fever in Lahore  
  
  Importance  Normalized Importance  
Malaria  0.148  47.3%  
Population  0.313  100.0%  
Min Temp  0.183  58.4%  
Rainfall  0.152  48.6%  
Trav to lhr  0.067  21.2%  
Max Temp  0.136  43.5%  
  
  
Table 3.4 Normalized importance of independent variables for occurrence of dengue 
fever in Karachi  
  
  Importance  Normalized Importance  
Malaria  0.063  10.5%  
Population  0.602  100.0%  
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Min Temp  0.031  5.1%  
Rainfall  0.212  35.2%  
Trav to Khi  0.018  3.0%  
Max Temp  0.074  12.3%  
  
  
 
Fig 3.1 Percentage departure of rainfall in Islamabad  
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Fig 3.2 Percentage departure of rainfall in Rawalpindi  
 
Fig 3.3 Percentage departure of rainfall in Lahore  
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Fig 3.4 Percentage departure of rainfall in Karachi  
 
Fig 3.5 Neural network showing the relationship of social and climate covariates with 
dengue fever for Islamabad  
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Fig 3.6 Neural network showing the relationship of social and climate covariates with 
dengue fever for Rawalpindi  
 
Fig 3.7 Neural network showing the relationship of social and climate covariates with 
dengue fever for Lahore  
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Fig 3.8 Neural network showing the relationship of social and climate covariates with 
dengue fever for Karachi  
3.4 Discussion  
The degree of dependence of Dengue fever on Malaria has been significantly shown by the 
regression model, generalized linear mixed model, and neural network. The general trend 
of reported cases of Malaria and Dengue fever from study areas show that when the 
occurrence of Malaria decreases, occurrence of Dengue increases and vice versa. 
Comparatively strong relationship of Malaria with Dengue fever has been shown by neural 
network (Fig. 3.5), with maximum normalized importance and p=0.358 in Islamabad 
(Table 3.1). Similarly, there is relatively strong relationship, and normalized importance of 
Malaria with Dengue fever in Rawalpindi and p=0.168 (Table 3.2, Fig. 3.6) and in Lahore, 
p=0.148 (Table 3.3, Fig. 3.7) whereas there is weak relationship and normalized importance 
of Malaria in Karachi and p= 0.063 (Table 3.4, Fig. 3.8). Analyses of data show that Dengue 
fever is increasing with the decrease in Malaria in all the study areas. The travellers to the 
study areas is another important social factor that is contributing significantly in the Dengue 
fever transmission in Islamabad where p=0.199, and in Lahore where p=0.067 as compared 
to Rawalpindi with p= 0.85 and Karachi with p=0.018, and is also shown by neural network 
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(Figs. 3.5-3.8). Population of study areas is continuously increasing and playing important 
role in dengue transmission in the urban localities. It has high normalized importance and 
p=0.313 especially for Lahore; and p=0.602 in Karachi as compared to Islamabad where 
p=0.211, and Rawalpindi where p=0.110. Climate covariates like rainfall and minimum 
temperature are also showing their contribution in Dengue fever transmission during the 
studied period in the above mentioned cities, whereas maximum temperature is showing 
an inverse relationship with Dengue occurrence fever (Tables 3.1-3.4). The increased 
minimum temperature and above normal rainfall in these areas has caused Dengue fever 
transmission. According to Carrington et al., (2013), the increase in the proportion of 
minimum temperature increases the infection rate by 60% and shortens the incubation 
period of mosquito vector by the proportion of 1/3, hence the rapid development of vector 
occurs. This trend has also been observed in our study that as the minimum temperature 
increased, the rapid transmission of Dengue fever occurred in study areas. The temperature 
range for the survival of A. aegypti is 28.0 0C to 35.0 0C, as the maximum temperature 
increases the female mosquito reduces the egg production, oviposition patterns and 
oviposition time (Costa et al., 2010). The reduction in the density of mosquito population 
has been observed in tropical areas when temperature reaches around 35.0 0C with an 
adverse effect on multiple aspects of mosquito biology. The maximum temperatures 
between 32.0 0C to 34.0 0C and dry spell have maximum effect on the Dengue fever 
transmission rate. As the temperature increases above 34.0 0C, the mosquito population 
shows a declining trend and the transmission rate is minimized. Similarly, the rate of 
transmission decreases as the temperature fall below the above mentioned threshold 
temperature (i.e. 28.0 0C).  
The consecutive flooding of 2009-2010 in Pakistan impacted the major part of the country 
and became responsible for the transmission of various diseases including Dengue fever. 
After these floods, increased Dengue fever cases were reported from all over Pakistan, 
particularly from the study areas. The southern part of the country has not frequently been 
hit by floods in the past, however the intense flood of 2010 hit most part of the country 
including Sind Province and Karachi because of heavy summer monsoon rainfall and 
snowmelt flows from the glaciers. During 2011, the monsoon track deviated from upper 
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and central parts of the country towards southwest and caused worst floods, causing 
Dengue fever spread at mega level in Lahore and Rawalpindi. Severe rainfall with 
abnormal trends during 2011 as compared to previous years (Figs. 3.1-3.4) has been 
observed in the study areas. Rainfall was recorded about 18% below normal in July 2011 
all over the country and 72% below normal in Sindh particularly. 72% above normal 
rainfall was received in the months of August and September all over the country and 248% 
above normal rainfall was received only in Sindh during 2011. Wet spells of 9-14 August 
and 29 August - 16 September in 2011 brought heavy floods in Sindh and adjacent areas 
of Karachi. This flood affected the socio-economic activities and human settlements badly 
all over Pakistan. According to National Disaster Management Authority (NDMA) around 
6,006,545 people from 23 districts were affected, 269 deaths were reported, and 14,187 
injured. This flood of 2011 swept away 1,388,331 houses; leaving 539,899 houses 
destroyed completely (NDMA, 2011). People suffered from shortage of quality food, clean 
drinking water and other basic needs of life. According to Khalid and Ghaffar, (2014), the 
flooding during 2011 also caused displacement and migration of population at mega level 
especially from Karachi to other cities like Islamabad, Rawalpindi and Lahore. This might 
be one of the major causes of high rate of Dengue fever transmission in Islamabad, 
Rawalpindi and Lahore during 2011 as compared to Karachi during 2010.   
The normal monsoon rainfall for Sindh province (including Karachi) is 127.5 mm but in 
year 2011, 443.9 mm rainfall was received. The normal monsoon rainfall for Punjab 
province (including Rawalpindi and Lahore) is 235.7 mm but 348.7 mm was received in 
2011. The inter-decadal variability of climate has contributed to the exacerbation and 
severity of floods in 2010 and 2011. The years 2009 and 2010 were recorded as warmest 
years.   
3.5 Conclusion  
This study shows the significance of the relationship of dengue fever occurrence with 
Malaria and different climate parameters like rainfall, minimum and maximum 
temperature; social covariates like population, travelling in four different cities of Pakistan. 
Occurrence of Malaria has significant inverse relationship with occurrence of dengue fever 
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in the study areas. It indicates the importance of control of Malaria to control the dengue 
fever transmission in Pakistan. Travelling has been discussed in several studies carried out 
elsewhere but its contribution in the dengue fever occurrence was uncertain. Hence, this 
study was conducted to fill the research gap and it reveals a strong relationship of dengue 
fever occurrence with population and travelling by processing the neural network. It is 
hoped that the results of this study would effectively contribute to the scientific research 
and informed public policy making by government.    
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Chapter 4  
Findings and Recommendations  
  
  
  
  
  
  
  
  
  
  
Several measures are being taken to control Malaria as well as dengue fever at 
governmental and community levels, but still these efforts are not successful. Therefore, it 
is the dire need to control Malaria and dengue fever by limiting the habitats for these 
vectors, particularly in urban areas. It is important to determine the temporal and spatial 
distribution, risk, major larval habitat, population density of A. aegypti; the main vector for 
dengue fever transmission, and levels of insecticide vulnerability and resistance in order to 
identify and prioritize the season and areas for vector control. Such type of information will 
help in the selection and use of suitable tools for vector control and effective monitoring.   
Since 2006 the range of dengue fever is expanding in Pakistan. This study has been 
conducted to investigate the reasons of its re-emergence and mega outbreak particularly 
during 2009-2012 that caused thousands of mortalities and morbidities all over Pakistan 
particularly in Lahore district. The objectives of this study is to evaluate the dengue fever 
outbreak in Islamabad, Rawalpindi, Lahore and Karachi with the focus on the mega 
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outbreak in Lahore during 2011, the analysis of the factors responsible of this mega 
outbreak at micro level and the analysis of relationships of such factors with each other to 
see how much they contributed in the dengue fever occurrence in Pakistan during recent 
years. It was expected that the change in atmospheric temperature and rainfall patterns, 
drainage patterns, increased population, urbanization and geomorphological conditions of 
a respective city has providing more favorable conditions for the dengue fever transmission 
in urban environments of selected cities.   
The general factors responsible for dengue fever spread in Pakistan have been observed 
and it has concluded that the stagnant water in urban environments together with the 
suitable range of atmospheric temperatures and moisture has caused the dengue fever 
transmission. The rapid increase in population, urbanization and changing drainage 
patterns have provided the suitable environments for the Dengue vector development. 
Hence the tools have been searched to analyze these factors and the authors came across 
the latest technological tools such as satellite imageries, digitized maps and worthy 
statistical techniques to analyze such factors that are subject to change with time and space. 
Hence in our study, these changing environmental and social factors in urban areas have 
been referred as ‘urban gradients’. A methodology has designed and satellite imageries, 
digitized maps, meteorological, population and travelling data sets have been acquired from 
respective departments and analyzed to fulfill the objectives of the study. The analyses 
comprise the calculation of flow accumulation, drainage density, stream patterns, land 
cover of urbanization, rate of increase in population, change in temperatures and 
precipitation, identification of hotspots, daily dengue fever incidence in comparison to the 
meteorological parameters, travelling to the study areas and the relationship between all of 
these factors. Data sets have been acquired from the authentic governmental departments 
that ensure its consistency and accuracy. Expected results have been achieved and verified 
by successfully applying the designed methodology.   
Many studies have been conducted in different countries that highlights the importance of 
stream flow conditions in dengue fever transmission in varying urban environments but 
this aspect of study was lacking for Pakistan. Similarly, the relationship of dengue fever 
transmission with travelling, social and climate covariates have been conducted in various 
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studies but such kind of study have never been conducted for Pakistan before. Furthermore, 
no study was found in the scientific literature that shows the relationship between the 
occurrences of Dengue and Malarial infections. Current study has been successfully 
conducted that bridged these research gaps for selected cities of Pakistan.  
4.1 Findings of the study:  
1- Mean monthly minimum and maximum temperature of JAS for the year 2009 have 
been closer to the normal and have been higher than the normal for the years of 
2010 and 2011 in all study areas. Islamabad and Lahore received higher than the 
normal rainfall in JAS of 2010 and 2011, Rawalpindi received higher than the 
normal rainfall in August and September of 2010 and 2011whereas Karachi 
received higher than the normal rainfall in September of 2011. Wind speed in all 
the study areas followed the general pattern and no changes have been observed 
during the studied years. Generally, Islamabad, Rawalpindi and Karachi experience 
moderate to strong winds whereas Lahore experience calm to moderate winds since 
the calm winds play positive role in dengue fever spread as compare to moderate to 
strong winds.  
2- The geomorphological conditions of study areas were thoroughly investigated and 
discussed that supports the dengue fever transmission. The high flow accumulation 
conditions have been recognized for Islamabad and Rawalpindi that shows the 
flushing effect and cause the negative impact on dengue fever transmission in urban 
areas of both cities. However, the water that flows southward from Islamabad also 
causes the spread of dengue fever in urban areas of Rawalpindi. Lahore has low 
flow accumulation conditions due to its flat surface and it supports the water to 
remain stagnant on different locations that cause the dengue fever transmission in 
urban areas. Karachi has high flow accumulation but due to less annual rainfall, 
there is no flushing effect and hence the stagnant water provides the breeding sites 
for Dengue mosquito i.e. Aedes aegypti. Furthermore, the numbers of stream and 
their lengths have also been calculated at micro level for all study areas. It was 
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concluded that more number of dengue fever cases have been reported during 2011 
from the localities of high drainage density.   
3- Population in all tehsils of all study areas has shown an increasing trend since the 
census of 1998. Particularly, Rawalpindi and Lahore has rapidly increasing trend 
of population. The hotspot analysis and Ordinary Least Square analysis highlighted 
that more number of dengue fever cases have been reported from the localities 
where the population density is very high.   
4- The urbanization has increased rapidly since the year 2000 in all study areas. The 
noteworthy change occurred in Rawalpindi district where the area of urbanization 
in Sq. Km has increased 13 times in the year 2009 than it was in the year 2000. The 
planned urban area has increasing rapidly in Lahore. Bare land and vegetated area 
has decreasing trend in all study areas. Deserted and non-uniformly elevated areas 
(i.e. wedged land) have decreasing trend in Karachi. This rapid and unplanned 
urbanization has caused the disturbance in natural drainage patterns and causing the 
dengue fever transmission by altering the water flow conditions and providing the 
breeding habitats in urban environments, since the Aedes aegypti requires the urban 
environments for growth and development.   
5- There are other factors which contribute indirectly towards the spread of this 
disease including travelling patterns within the big cities. The increased rate of 
migration/travelling from Karachi and other surrounding cities towards Lahore and 
Rawalpindi/Islamabad during the last decade and onward, has also been observed 
due to the economic instability in Sindh province, particularly in Karachi. This may 
be another reason of less dengue fever cases reported from Karachi during 2011 
and onwards. As Lahore and Rawalpindi lies in the Punjab province that is more 
developed as compared to other provinces and offer more employment and 
education opportunities, so people from all over Pakistan travel to these cities round 
the year. Islamabad is the capital of Pakistan and is regarded as the most developed 
city (Khalid and Ghaffar 2015), hence it offers greater opportunities of better 
livelihood. On the basis of above mentioned factors, more dengue fever cases have 
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been reported as a result of migrations toward these cities (Islamabad, Rawalpindi 
and Lahore) as compared to Karachi during study period.   
6- The inverse relationship between occurrence of Malaria and dengue fever has 
shown by the linear regression analysis. The occurrence of Malaria is affecting the 
occurrence of dengue fever as much as 5.4 times. There found a direct relationship 
of dengue fever occurrence with population, minimum temp and rainfall whereas 
inverse relationship with maximum temperature in all study areas collectively. 
There found 25.1% dependence of dengue fever occurrence on population, 5.2% 
on minimum temp, 8.6% on rainfall, and 27.5 % on travelling. The results of 
Generalized Linear Mixed Model with MCMC and Neural Network with 
Multilayer Perceptron validate these results.   
4.2 Recommendations  
1. The results of this study have drawn attention towards taking some immediate steps 
to control and mitigate dengue fever occurrence in urban environments of study 
areas. Control on rapid unplanned urbanization particularly in Islamabad, 
Rawalpindi and Lahore should be taken into account by the governmental agencies. 
Only well planned urban schemes should be allowed to develop far from the flood 
plains. The promotion of planned urbanization would not affect the natural drainage 
patterns. Furthermore, planned urbanization would not provide the irregular spaces 
to keep water stagnant. The settlements far from flood plains will not only provide 
the security of life and property but also provide the healthy environment that 
restricts the breeding habitats.   
2. The control on greenhouse gases emissions will allow controlling the increasing 
minimum and maximum temperatures that are playing a vital role in dengue fever 
transmission in Pakistan. This is also possible by ratifying the international treaties 
and implementing the laws within the country. This will further restrict other 
developed countries whose high carbon emissions are affecting the atmospheric 
physics of our region under the natural atmospheric circulation patterns. Such 
circulation patterns changed by the increased carbon emissions also changing the 
rainfall patterns together with the increased minimum temperatures that are 
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providing the favorable conditions for dengue fever transmission as discussed in 
Chapter 2.   
3. The control on rapid population increase should also be taken into consideration by 
the governmental agencies. Enhancement and development of infrastructure and 
provision of educational and employment opportunities in other cities should also 
be taken into account to stop migration and increased travelling towards most 
Dengue endemic cities like the cities under study.  
4. Control on Malaria is also important because the vectors become more effective to 
spread dengue fever after biting to the malarial patient.   
5. The community participation would also promote the mitigation of dengue fever 
transmission. This is possible by the awareness campaigns and the participation of 
individuals to local government and of the higher level government such as the 
provincial government.  
6. The method of sustainable physical transformation of water, vegetation, and land 
focusing on reducing vector breeding sites without creating any adversative effects 
on the quality of human environment can be adopted. This is possible by improving 
the water supply and sanitation, water storage practices, and use of infestation safe 
containers, while in villages/peri-urban areas by covering the unused wells and 
keeping the water storage sites unpolluted.  
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